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PREFACE. 


The  following  pages,  save  chapter  IX,  have  been  prepared 
by  the  officers  of  the  Department  of  Astronomy,  Navigation, 
and  Surveying,  of  the  U.  S.  Naval  Academy.  The  want  of 
a  text  book  on  the  subjects  discussed  has  long  been  felt  in 
this  Department ;  and  the  work  is  intended  for  the  instruc¬ 
tion  of  the  cadet  midshipmen,  and  not  for  the  use  of  the  ser¬ 
vice  at  large. 

Lieut.  It.  P.  Rodgers  prepared  Chaps.  I  to  V,  inclusive;  Lt. 
Commander  Harrington  Chaps.  VI  to  "VIII,  inclusive;  Com¬ 
modore  Danl.  Ammen  has  kindly  contributed  Chap.  IX; 
Comdr.  Howell  prepared  Chaps.  X  and  XI ;  Lieut.  C.  P. 
Perkins  prepared  Chaps.  XII  and  XIII. 

The  following  is  a  list  of  the  books  referr 

Chauvenet’s  Trigonometry. 


C hau veil et’s  Astro n omy . 

Coffin’s  Navigation  and  Nautical  Astrono 
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Laughton’s  Nautical  Surveying. 

U.  S.  Coast  Survey  Reports. 

May  lie’s  Notes  on  Marine  Surveying. 
Belcher’s  Nautical  Surveying. 


General  Instructions  of  the  U.  S.  Coast  Survey. 


Hilgard’s  Lecture  on  Tides. 

n 

Loomis’  Treatise  on  Astronomv. 

Tables  and  Formula),  U.  S.  Corps  of  Engineers  (Lee) 


Traite  de  Geodesie — Puissant. 
Trait <5  des  Projections — Germain. 


Mr.  E.  R.  Ivnorr,  of  the  Hydrographic  Office,  has  kindly 
given  much  assistance. 


U.S.  NAVAL  ACADEMY. 


July  1,  1876. 


JOHN  A.  HOWELL, 

Commander  U.  S.  Navy, 

Head  of  Department 


1  kilometre  =  0.62137  statute  miles. 

1  metre  =  39.37  inches. 

1  millimetre  =  0.0394  inches. 

Length  of  Gunter’s  chain  ==  66  feet  =  20  links  of  3.30  feet 
=  100  links  of  7.92  inches. 

Log.  of  mean  radius  of  earth  in  yards  —  6.8427917. 

Arc  of  same  length  as  radius  =  57°. 2957795  =  3437^.7467 
=  206264".806. 

In  logarithms. 

Arc  of  180°  =  3.14159265  R.  =  0.4971498  +  log.  R. 

“  “  1°  =  0.017453293  R.  =  8.2418774  +  log.  R. 

“  “  V  =  0.0002908882  R.  =  6.4637261  +  log.  R. 

“  “  1"  «  0.000004848137  R.  =  4.6855749  +  log.  R. 

1  acre  =  43560  square  feet. 


INSTRUMENTS. 


CHAPTER  I. 

THE  INSTRUMENTS. 

DEFINITIONS - THE  INSTRUMENTS  USED - THE  THEODOLITE - ITS 

ADJUSTMENT. 

1.  Topographical  surveying  is  that  branch  of  surveying  which  per¬ 
tains  to  the  process  of  ascertaining  and  representing  upon  a  plane  surface 
the  contour  or  figure  of  any  portion  of  the  surface  of  the  earth. 
(W  ebster.) 

Plane  surveying  is  surveying  as  carried  on  under  the  supposition 
that  the  surface  of  the  earth  is  a  plane  in  distinction  from  geodesic 
surveying.  (Webster.) 

Geodesy  is  that  branch  of  applied  mathematics  which  determines 
by  means  of  observations  and  measurements,  the  figure  and  areas  of 
large  portions  of  the  earth’s  surface,  or  the  general  figure  and  dimen¬ 
sions  of  the  earth ;  or  that  branch  of  surveying  in  which  the  curva¬ 
ture  of  the  earth  is  taken  into  account,  as  in  the  survey  of  states  or 
long  lines  of  coast.  (Webster). 

2.  The  instruments  for  measuring  angles  which  are  generally  used  in 
the  survey  of  a  harbor  are,  the  Theodolite,  Sextant,  and  Plane  Table. 
All  officers  are  sufficiently  acquainted  with  the  handling  of  a  sextant. 
To  use  the  plane  table  to  advantage  requires  much  more  practice  and 
experience,  in  addition  to  a  theoretical  knowledge,  than  to  get  the 
same  result  by  the  Theodolite  or  Sextant,  and  consequently  a  treatise 
upon  it  will  not  to  be  attempted  in  this  work.  Those  desirous  of 
obtaining  information  on  the  subject  are  referred  to  the  Coast  Survey 
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Report  of  18G5,  or  to  a  pamphlet  issued  from  Coast  Survey  office, 
which  contains  the  same  matter. 

The  Theodolite  is  the  instrument  chiefly  used,  and  a  brief  descrip¬ 
tion  of  this  instrument  together  with  its  adjustments  is  here  given. 

The  instruments  for  measuring  distances  are  the  chain  or  steel  tape, 
wooden  rods  or  carefully  measured  lengths  of  line — and  the  telemeter. 

In  conducting  the  hydrographic  portion  of  the  work,  to  the  above  are 
added  the  lead,  tide-guage,  and  instruments  for  measuring  the  velocity 
of  the  current. 


THE  THEODOLITE. 


I 


o.  The  Theodolite  appears  in  a  variety  of  forms ;  its  purpose  is  to 
measure  horizontal,  and  sometimes,  vertical  angles. 

It  consists  essentially  of  a  telescope  which  has  a  motion  about  an 
axis  (horizontal)  which  rests  in  Ys  in  two  pillars,  F  F,  which  are 
perpendicular  to  the  axis  of  rotation  of  the  telescope  (See  Plate  1.) 
These  pillars  are  fixed  at  right  angl  s  to  a  plate,  K,  which  turns  upon 
a  vertical  axis  and  to  which  is  attached  a  vernier.  Around  that  just 
mentioned  is  a  second  plate,  K  .  The  latter  is  graduated,  and  is  con¬ 
centric  with  the  first. 

The  instrument  is  mounted  upon  a  tripod  T.  Three  screws,  P, 
with  milled  heads,  which  bear  upon  the  plates  are  used  in  connection 
with  spirit  levels,  N,  upon  them,  for  making  them  level.  A  plumb 
bob  hangs  directly  under  the  centre  of  the  instrument. 

Sometimes  a  small  graduated  circle,  G,  and  level  with  vernier,  H, 
is  fixed  upon,  and  at  right  angles  to,  the  axis  of  rotation,  K,  for  the 
measuring  of  vertical  angles.  In  the  common  focus  of  the  object  and 
the  eye  glasses  is  placed  the  diaphragm,  which  contains  the  cross-wires  ; 
usuallv  one  vertical  and  the  other  horizontal,  bisecting  each  other  in 
the  optical  axis. 


4.  Definitions  (See  Chauvenet’s  Astronomy). 

The  Acts  of  Rotation  is  an  imaginary  line  passing  through  the 
centre  of  the  pivots  of  the  axis. 

The  Axis  of  Collimation  is  an  imaginary  line  drawn  from  the 
optical  centre  of  the  object  glass  perpendicular  to  axis  of  rotation. 

The  Line  of  Sight  is  an  imaginary  line  drawn  from  the  optical 
centre  of  object  glass  to  the  (in  case  there  is  but  one  )  vertical  thread. 
The  an <de  which  the  line  of  smht  makes  with  the  axis  of  collima- 

o  o 

tion  is  called  the  Collimation  error. 


THE  THEODOLITE. 
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The  Adjustments  of  the  Theodolite. 


5,  In  the  measuring  of  horizontal  angles  by  the  Theodolite  it  is 
required, 

1.  That  the  Azimuth  plates  shall  be  horizontal  in  all  positions  when 
turned  about  their  axes  ; 

2.  That  the  Line  of  Sight  shall  coincide  with  the  Axis  of  Collima- 
tion  ; 

3.  That  the  Line  of  Sight  shall  move  in  a  vertical  plane,  when  the 
telescope  is  turned  about  its  axis.  In  order  that  these  conditions  may 
be  fulfilled  the  following  adjustments  are  necessary : 

6.  1st.  To  cause  the  Azimuth  plates  to  be  horizontal  in  all  position. 

Turn  the  vernier  plate  which  carries  the  levels  till  one  of  them  is. 

parallel  to  one  pair  of  levelling  screws.  Bring  the  bubble  of  each  to 
the  middle  of  its  tube  by  means  of  the  three  screws.  Then  turn  the 
plate  around  slowly  180°,  and  if  the  bubbles  remain  in  the  middle  of 
the  tubes,  then  the  plates  are  horizontal.  If  the  bubbles  have  moved 
from  the  centre,  then  the  levels  themselves  must  also  be  adjusted 
The  error  to  be  adjusted  is  partially  occasioned  by  the  level 
not  being  perpendicular  to  the  so  called  vertical  axis.  Let. 
AB  represent  the  plane  A 
of  one  of  the  levels,  and 
CD  the  central  line  of 
the  vertical  axis,  which 
is  shown  as  making  an 
acute  angle  with  the 
plane  AB  on  the  right 
side.  Fig  1  repre¬ 
sents  the  bubble  of  level  fig.  i.  Fig.  2 

as  in  the  centre  of  tube,  Fig  2  represents  the  plates  turned  180°. 
the  central  line  of  axis  is  supposed  to  remain  unmoved,  and  the  acute 
angle  will  now  appear  on  the  left  side  of  it,  and  the  bubble  will  rise 
to  the  higher  end  of  the  tube.  The  error  of  the  level  is  half  the 
motion  of  the  bubble  ;  for  half  the  motion  was  caused  by  the  plane 
of  the  level  not  being  perpendicular  to  the  vertical  axis,  and  half  by 
the  axis  itself  not  being  vertical.  Therefore  raise  one  end  of  the 
level  tube,  by  means  of  screws  which  fasten  it  to  the  plate,  till  the 
bubble  moves  half  way  back  to  the  centre  of  the  tube,  and  then  bring 
ft  entirely  back  to  the  centre  by  means  of  the  levelling  screws  under 

the  Azimuth  plates.  Now  turn  the  plates  again  through  180°,  and 

•  2 
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should  the  bubble  now  remain  in  the  centre  of  the  tube,  then  the  level 
is  adjusted  and  the  plates  horizontal ;  because  the  plane  of  the  plates 
is  at  right  angles  to  their  axis.  If  the  bubble  does  not  remain  in 
the  centre,  this  operation  must  be  repeated  till  it  does.  The  second 
level  may  then  be  adjusted  directly  by  its  adjusting  screws.  It  is  also 
necessary  to  see  whether  the  bubbles  remain  in  the  centre  of  tubes 
when  the  graduated  circle  is  moved  around  its  axis.  If  they  do  not, 
the  axes  of  the  two  plates  are  not  coincident  with  each  other,  which 
can  only  be  remedied  by  the  instrument  maker. 

7.  2d.  The  adjustment  for  instrumental  parallax.  Instrumental  paral¬ 
lax  is  an  apparent  movement  of  the  cross-hairs  about  the  object  to  which 
the  line  of  sight  is  directed,  occasioned  by  a  movement  of  the  eye  from 
right  to  left  or  the  contrary.  It  is  caused  by  the  image  of  the  object  and 
the  cross-hairs  not  being  precisely  in  the  common  focus  of  the  eye 
piece  and  the  object  glass.  To  eliminate  this  error,  move  the  eye 
piece  out  or  in  till  the  cross-wires  are  distinctly  seen,  and  then  move  the 
whole  system,  by  means  of  the  ratchet  and  pinion  (C,  Fig.  1,  Plate  I.) 
which  moves  the  eye  tube,  V,  until  the  image  of  the  object  is  most 
distinct.  The  cross  hairs  and  image  will  then  be  in  the  common 
focus. 

8.  3d.  To  cause  the  so  called  vertical  wire  of  the  diaphragm  to  be  at 
right  angles  to  the  axis  of  rotation. 

This  may  be  done  at  the  same  time  that  the  collimation  error  is  be¬ 
ing  corrected.  Point  the  telescope  to  some  well  defined  object,  and 
bisect  it  with  the  vertical  wire.  Give  the  telescope  a  slight  motion 
about  its  axis  of  rotation,  and  if  the  vertical  wire  continues  to  bisect 
the  object  it  is  at  right  angles  to  axis  of  rotation.  If  it  does  not,  loosen 
the  screws,  D  which  secure  the  diaphragm  and  turn  it  till  the  wire 
bisects  the  object  throughout  its  entire  length.  If  the  axis  of  rotation 
is  horizontal,  this  wire  will  then  be  vertical. 

9.  4th.  To  cause  the  line  of  sight  and  the  axis  of  collimation  to 
coincide. 

If  the  axis  of  rotation  of  the  telescope  can  be  taken  out  of  its  supports 
and  turned  end  for  end,  then  the  collimation  error  can  be  determined  in 
the  following  manner.  Set  the  instrument  up,  and  having  made  each 
of  the  before  mentioned  adjustments,  place  the  zeros  of  azimuth  plates 
in  coincidence,  and  direct  the  line  of  sight  to  some  well  defined  and 
distant  object.  Then  take  the  telescope  out  of  the  Ys,  and  reverse 
the  axis.  If  the  line  of  sight  falls  precisely  upon  the  same  object 
then  there  is  no  collimation  error.  If  it  should  not  fall  upon  the  object 
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after  reversal,  turn  the  line  of  sight  upon  it  by  means  of  the  tangent 
screw  of  the  upper  plate,  L  (keeping  the  lower  plate  fixed),  and  note  the 
reading.  The  difference  of  the  readings  of  the  two  directions  of  the 
telescope  will  be  double  the  collimation  error,  as  will  be  seen  from  the 
annexed  figures.  Let  y ,  yr  represent  the  axis  of  the  telescope  in 
first  position,  and  let  the  point  of  sight  fall  upon  the  point  s,  and  the 
axis  of  collimation  upon  c.  Let  the  axis  of  the  telescope  be  reversed 
and  take  position  yly^  The  line  of  sight  will  fall  upon  s',  as  much 


to  the  right  of  c  as  it  was  before  to  the  left.  Consequently  the  colli¬ 
mation  error  is  equal  to  one  half  the  difference  of  direction  of  the  lines 
os  and  o' s',  which  is  one  half  the  difference  of  the  readings  already 
noted.  If  after  reversal,  the  vertical  wire  in  the  diaphragm  be  moved 
by  the  screws  D  till  the  line  of  sight  falls  midway  between  its  first  and 
second  positions  then  will  the  line  of  sight  and  the  axis  of  collimation 
coincide.  Probably  the  distance  through  which  the  diaphragm  is  to 
be  moved  will  not  be  accurate^  estimated,  so  that  the  operation  must 
be  repeated  till  the  collimation  error  is  reduced  to  an  inappreciable 
quantity. 

The  axis  of  rotation  of  the  telescope  in  many  theodolites  is  not 
capable  of  being  reversed  ;  we  must  then  proceed  in  the  following 
manner  to  eliminate  the  collimation  error.  See  following  figure. 

Set  the  theodolite  up  in  the  middle  of  a  level  piece  of  ground,  and 
make  the  foregoing  adjustments.  Place  a  small  but  well  defined 
mark  (at  B)  at  a  distance  as  large  as  possible  from  the  instrument, 
(at  A).  Turn  the  telescope  towards  it  and  perfect  the  intersection  of 
the  cross-wires  and  mark  (B)  by  means  of  the  tangent  screw,  clamp 
the  plates  firmly. 

Transit  the  telescope  (that  is  turn  it  about  its  axis  of  rotation  till  it 
points  in  the  opposite  direction,  the  axis  of  rotation  remaining  fixed), 
and  place  another  mark  at  the  same  distance  from  the  instrument  as 
(C),  and  in  the  line  of  sight.  If  the  line  of  sight  and  axis  of  collima¬ 
tion  do  not  coincide,  this  second  mark  will  be  placed  at  C,  and  not  at 
E,  in  the  prolongation  of  A  B.  To  ascertain  whether  B  and  C  are  in 
line,  unclamp  the  instrument,  and  without  touching  the  telescope,  turn 
the  vernier  plate  around  till  B  comes  into  its  field.  Perfect  the 
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intersection  of  the  cross-wires  and  B,  and  clamp  the  plate  firmly. 
Then  transit  the  telescope,  and  the  line  of  sight  will  (if  C  A  X  is  the 
collimation  error)  fall  upon  some  point  D,  as  much  to  the  right  of  E 
as  C  was  to  the  left  of  it. 

The  figure  will  show  the  position  of  the  line  of  sight  in  reference 
to  the  axis  of  collimation,  when  the  telescope  is  in  the  four  positions 
mentioned.  Let  y'  y"  represent  the  axis  of  rotation :  X  X  the  axis 
of  collimation  of  telescope  in  1st  and  2d  positions  yly"  X'  X'  the 


same  in  3d  &  4th  positions.  In  this  case  10°  has  been  taken  as  the 
collimation  error,  and  it  will  be  seen  that  when  the  line  of  sight 
(represented  by  arrow  headed  lines)  has* been  directed  to  B,  and  the 
telescope  has  been  transited  it  will  fall  upon  C,  20°  to  the  left  of  AE, 
the  prolongation  of  AB.  Now  when  the  vernier  plate  is  turned 
so  that  the  line  of  sight  falls  ^upon  B,  the  axis  of  rotation  will  assume 
the  position  y{  y"  and  the  axis  of  collimation  that  of  X'  X'.  Now 
when  the  telescope  is  again  transited  the  line  of  sight  falls  upon  D 
20°  to  the  right  of  E.  By  looking  at  the  figure  it  will  be  seen  that 
the  line  of  sight  makes  an  angle  of  80°  and  100°  with  the  axis,  that 
of  80°  being  made  on  side  of  axis  marked  y'  or  y/,  that  of  100°  on 
side  marked  y"  y"  ;  and  that  although  the  axis  cannot  be  taken 
out  of  the  Ys  and  reversed,  yet  in  reality  the  telescope  has  been 
directed  to  the  same  object  B  with  the  axis  pointing  in  opposite 
directions,  and  consequently  the  collimation  error  is  shown  just  as  ex¬ 
actly  as  when  the  axis  was  reversible,  excepting  that  in  this  case  the 
angle  C  A  D  is  four  times  the  error.  To  eliminate  the  collimation 
error,  move  the  telescope  through  three  quarters  of  the  arc,  or  D  X, 
and  then  move  the  diaphragm  till  the  vertical  wire  falls  upon  C-  The 
collimation  error  will,  if  the  telescope  and  diaphragm  have  been  properly 
moved,  be  zero.  The  arc  C  D  will  be  obtained  by  taking  the  differ¬ 
ence  of  readings  of  the  circle  when  the  line  of  sight  falls  upon  C  and 
D  respectively,  the  circle  having  remained  fixed. 
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10.  5.  To  cause  the  line  of  sight  to  move  in  a  vertical  plane. 

Suspend  a  long  plumb  line  from  some  high  point.  Set  the  instru¬ 
ment  up  near  this  line,  and  level  it  carefully.  Direct  the  telescope  to 
the  plumb  line,  and  if  the  intersection  of  the  cross-hairs  remains  upon 
the  line  throughout  its  entire  length,  then  the  line  of  sight  moves  in  a 
vertical  plane.  Or,  the  instrument  having  been  levelled,  place  a  basin 
of  mercury  between  the  instrument  and  some  fixed  object  of  consider¬ 
able  altitude,  such  as  the  top  of  a  flag-staff  or  tower ;  turn  the  teles¬ 
cope  down  to  bring  the  reflection  upon  the  intersection  of  the  cross¬ 
wires,  then  move  the  telescope,  and  if,  when  directed  toward  the  object 
itself,  the  cross-wires  coincide  directly  with  the  object,  the  line  of 
sight  has  moved  in  a  vertical  plane. 

If,  however,  the  above  conditions  are  not  fulfilled,  then  the  axis  of 
rotation  is  not  horizontal  ;  or  in  other  words,  the  pillars  which  sup¬ 
port  the  axis  are  not  of  equal  length,  measuring  from  the  plane  of  the 
plates.  For  the  line  of  sight  has  been  made  to  coincide  with  the  axis 
of  collimation,  and  were  the  axis  of  rotation  horizontal  it  would  neces¬ 
sarily  describe  a  vertical  circle.  With  those  theodolites  on  which  there 
is  any  arrangement  for  moving  the  supports  of  the  axis  of  rotation 
(see  Fig.  1,  Plate  I.),  the  adjustment  may  be  made  by  moving  the  level¬ 
ling  screws  in  connection  with  the  striding  level,  which  is  placed  upon 
the  axis.  But  in  the  ordinary  form  of  theodolite  there  is  no  such 
arrangement ;  so  that  if  the  error  of  level  of  the  axis  of  rotation  (while 
the  plane  of  the  plates  is  horizontal)  is  great,  the  instrument  should 
be  sent  to  an  instrument  maker ;  but  if  the  error  is  but  slight  the 
bearing  of  the  support  of  the  higher  end  of  the  axis  may  be  carefully 
filed  down.  This  error  will  rarely  be  but  small  in  any  but  an  old 
instrument. 

The  theodolite  furnished  by  the  Bureau  of  Navigation  (Plate  II.) 
differs  from  the  one  already  described  in  the  following  respects :  It 
has  but  one  moveable  azimuth  plate  (the  upper).  It  has  no  vertical 
circle.  It  is  levelled  by  means  of  four  levelling  screws  acting  on  a 
ball  in  a  socket  joint. 

As  it  has  but  one  moveable  azimuth  plate,  angles  cannot  be  repeated, 
nor  can  a  line  be  run  by  the  back  angle.  It  is  a  very  convenient 
instrument  for  the  purposes  of  an  ordinary  survey,  and  is  furnished 
with  a  telescope  of  considerable  power. 
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CHAPTER  II. 

BASES. 


SELECTION  OF  BASES - DIRECT  MEASUREMENT  OF - REDUCTION  OF 

INCLINED  BASE  TO  HORIZONTAL  MEASURE - BROKEN  BASES - - 

MEASUREMENT  OF,  BY  SOUND - BY  MAST-HEAD  ANGLES - DETER¬ 
MINATION  OF  AZIMUTH  OF  BASE - FIXING  THE  LATITUDE  AND 

LONGITUDE  OF  A  BASE  STATION. 


MEASUREMENT  OF  THE  BASE-LINE. 


11.  Before  any  distance  can  be  measured  trigonometrically  the  length 
of  one  straight  line  of  the  triangulation  must  be  mechanically  measured. 
And  as  this  measurement  is  more  or  less  exact,  so  will  all  other 
measurements  deduced  from  it  be  more  or  less  accurately  determined. 
If  an  error  in  the  length  of  the  base  be  represented  by  d  b ;  then  d  a 

—  d  b  Si11  .A  ;  d  c  —  d  b  sjn  ^ (da  and  dc  representing  the  consequent 
sin  B  sin  B 

errors  in  the  other  two  sides).  If  B  —  30°,  since  sin  30°  —  \  \  da 
or  d  c  may  equal  2  db.  Therefore  the  error  of  the  sides  may  be  double 
that  of  the  base,  even  where  the  triangles  are  not  ill-conditioned. 

Measuring  the  base  line  for  an  extended  and  very  accurate  survey  is 
effected  by  metallic  rods,  accurately  graduated,  which  are  carefully 
levelled,  and  the  several  distances  are  determined  by  means  of  microme¬ 
ters  ;  but  for  the  purpose  of  an  ordinary  survey  the  base-line  may  be 
sufficiently  well  measured  by  means  of  a  100  feet  steel  tape  in  the 
following  manner  : 


12.  Before  commencing  the  measurement  the  tape  should  be  care¬ 
fully  compared  with  a  standard  measure,  and  the  error  noted,  and  the 
ground  over  which  the  line  is  to  pass  should  be  made  even.  Too 
much  care  and  attention  cannot  be  paid  to  this. 

Set  a  theodolite  up  over  one  extremity  of  the  base,  so  that  the 
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plumb  is  directly  over  the  centre  of  the  station,  and  after  having 
levelled  the  instrument,  point  the  telescope  toward  the  other  extremity 
of  the  base  line,  at  which  should  be  placed  a  signal. 

Have  a  number  of  poles,  or  boarding  pikes,  with  flags  secured  to  one 
end,  which  are  to  be  placed  vertically  in  the  line,  at  intervals  of  about 
100  or  200  feet,  by  the  observer  at  the  theodolite,  who,  by  motion  of 
his  hand  to  the  right  or  left,  or  by  some  other  preconcerted  signal, 
causes  the  flagmen  to  move  until  the  flag  poles  are  bisected  by  the 
cross-wires  of  the  instrument. 

The  measuring  party  consists  of  two  men  who  carry  the  tape  and 
ot  two  others  who  carry  small  pieces  of  plank,  or  benches,  upon  which 
the  ends  of  the  tape  are  marked.  A  good  form  of  bench  is  a  plank 
about  one  foot  square,  with  four  short,  pointed  legs,  which  may  be 
firmly  planted  in  the  ground  by  the  pressure  of  the  foot  after  the 
measure  has  been  approximately  adjusted  both  for  distance  and  direc¬ 
tion.  One  end  of  the  tape  is  held  directly  over  the  centre  of  the 
station  from  which  the  measurement  begins,  and  the  other,  being 
carried  forwards,  is  brought  into  the  line  of  the  flags  by  the  man 
holding  the  rear  end  of  the  tape.  A  spring  balance  is  hooked  into 
the  forward  end  of  the  tape  and  a  pressure  of  8  or  10  pounds  is 
brought  upon  it,  drawing  the  tape  taut  along  the  line.  One  of  the 
men  with  the  benches  places  his  bench,  flush  with  the  ground, 
under  the  tape  near  its  end,  and  making  a  mark  opposite  the  100  foot 
mark  of  the  tape,  which  is  numbered  1,  he  holds  the  bench  securely  in 
its  place.  The  tape  carriers  now  move  ahead  ;  the  carrier  to  the  rear 
places  his  end  of  the  tape  on  the  mark  on  the  bench  indicating  the 
point  which  the  forward  end  of  the  tape  before  readied  :  the  forward 
carrier  moves  into  the  line  of  the  flags,  draws  the  tape  taut  and  in 
the  line,  applies  the  same  pressure,  by  spring  balance,  as  before  ;  a 
second  man  with  bench  places  it  under  the  tape,  marking  the 
point  where  the  100  foot  mark  falls  No.  2.  The  tape  is  again 
carried  forward,  aligned,  and  the  distance  marked  as  before.  As 
the  measuring  party  passes  each  flag,  the  flag  bearer  will  pass  on 
beyond  the  last  flag  and  will  be  aligned  in  his  new  position  by  observer 
at  theodolite. 

This  process  is  continued  until  the  other  extremity  of  base  line  is 
reached,  noting  the  number  of  feet  and  tenths  of  a  foot  between  the 
last  point  marked  by  the  tape  and  the  centre  of  station  to  be  reached. 
Then  the  length  of  tape  A  error  of  tape  (as  determined  by  comparison 
with  standard  before  and  after  measurement)  multiplied  by  number  of 
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lengths  of  tape  the  distance  between  point  last  reached  by  a  whole 
length  of  the  tape  and  the  extremity  of  the  base  line  equals  length  of 
base  line. 

13.  Not  being  able  to  obtain  a  steel  tape,  take  a  piece  of  iron  wire, 
about  £  inch  in  diameter,  about  GO  yds. (or  any  desired  number)  in  length. 
This  distance  is  carefully  measured  off  by  standard  measures,  and  both 
extremities  are  marked  on  the  heads  of  copper  nails  driven  in  a  plank, 
level  with  ground.  The  wire,  which  has  been  straightened,  and  other¬ 
wise  prepared, and  also  provided  with  a  loop  at  either  end,  is  then  stretch¬ 
ed  between  two  marks  by  a  chain  staff  at  the  rear  end  and  a  weight  of 
40  pounds  applied  to  the  other  by  a  spring  balance.  In  this  condition, 
and  after  repeated  trials,  the  measured  distance  is  transferred  to,  and 
marked  upon,  the  wire  b}  a  fine  cut  near  each  loop.  This  having  been 
completed,  proceed  in  the  same  manner  as  explained  when  the  steel 
tape  was  used. 

To  show  the  accuracy  of  the  above  methods  reference  may  be  had 
to  Coast  Survey  Report,  1868,  in  which  is  stated  that  a  base  line  was 
measured,  using  wire  inch  in  diameter  and  GO  metres  in  length, 
with  following  results  : 

metres. 

Length  of  wire  —  60*01646. 

m.  m. 

By  Wire  measurement,  A  to  B  =  82  wires  X  60*01646  =  4921*3495. 

“  Base  Apparatus,  A  to  B  =  =  4921*1843. 

u  Wire,  B  to  C  =  —  4261*1685. 

“  Base  Apparatus,  B  to  C  =  =  4261*32:  5. 

14.  To  reduce  the  length  of  an  inclined  base  to  horizontal  measure 

When  the  inclination  of  the  base  is  considerable,  or  it  is  measuied 

by  chain  or  tape,  which  cannot  be  placed  horizontally,  it  is  necessary 
to  reduce  the  base  to  its  horizontal  length. 

Let  B  =  length  of  base  on  an  inclined  plane. 

b  —  “  “  reduced  to  horizontal  plane. 

0  —  inclination  of  base  to  horizon. 

Then  b  —  B  cos  0  (1) 

But  as  0  is  generally  a  small  angle,  and  need  not  be  known  with 
extreme  precision,  it  is  better  to  compute  the  excess  of  B  ovei  b. 
Supposing  0  to  be  given  in  minutes,  we  have  from 
(1)  B-5  *  B-B  cos  0  =  B  (1 — cos  0)  —  2  B  sin2  ^  0 

«=}B62  sin2  1' 
sin2  V 

—  2  B  =  0.00000004231  0 2  B,  or  by  logarithms. 
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Log.  (B-5)  = const,  log.  2-626422  +2  log.  0  +  log.  B,  (2) 
which  gives  correction  to  be  subtracted  from  B  to  get  b. 

The  Broken  Base. 

15.  The  character  of  the  ground  will  sometimes  not  allow  a  base 
of  suitable  length  to  be  measured  directly,  but  will  permit  of  measur¬ 
ing  two  parts,  making  a  very  obtuse  angle  with  each  other,  constitut¬ 
ing  what  is  known  as  a  “  Broken  Base.” 
the  two  portions  a  and  b,  and 
the  included  angle  C  with 
great  care  ;  we  can  then  com¬ 
pute  the  base  by  expression  c 

here  deduced  : 

From  Trig,  c1  —  a?  +  b2  —  2  a  b  cos  C 
Let  0  =  180  -  C. 

Then  c2  =  a2  +  b2  +  2  a  b  cos  0 

From  plane  Trig.  (406)  (developing  cos  x  into  a  series) 


It  is  necessary  to  measure 
c 


0) 

(2) 


cos  X  =  1  — 


9  4 

XX  X* 


+ 


—  &c., 


1.2  '  1. 2.3.4 
substituting  0  for  x,  and  since  0  is  very  small. 

jQ2 

Cos  0  —  1  —  _  This  will  be  sufficiently  correct  if  C  is  not 
less  that  170°. 

0*=  a2  +  b2  +  2ab  -  ab02=  (a+b)2 

/  t\2  a  b  02 

{a  +  b)2  I  1  - 

c  =  (a  +  b)  (  1  — 


a 


b02  = 


(3) 


( « +  by  '  (4) 

Developing  the  quantity  under  the  radical  to  ^  power,  by  the  binomial 
theorem,  and  neglecting  the  terms  after  the  second,  it  becomes 

a  b  02 


1-4 


(a  +  by 


+  &c. 


substituting  for  0  minutes  0  sin  1/,  we  have 


c  =  a  +  b 
sin2  1 ' 


a  b  02  sin2  1' 


2  (a+b) 
=  0.00000004231 


(5) 


e  =  a  +  b  -  0.00000004231  x 


a  b  0‘2 
a  +  b 


(6) 


loar.  0.00000004231  =  2.6264222. 
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Example  taken  from  C.  S.  R.,  1868  : 

a  =  4957-931162  )  C  =  177037/59'''.82 

>  metres. 

b  =  4307-587099  J  6  =  2°22'0'U8 

a  b  —  9265.518261  0  =  142^.003  2  log.  4.3047492 

a  =  4957^3116  +  log.  3.6953005 

b  =  4307.5871  +  Eg.  3.6342341 

a  +  b  =  9265.5182  +  ar.  co.  log.  6.0331303 

const,  log.  2.6264222 

—  1.967247  " - 

-  log.  0.2938363 

9263.551014  =  length  of  base. 


TO  FIND  A  PORTION,  X,  OF  A  STRAIGHT  LINE  WHICH  CANNOT  BE 

DIRECTLY  MEASURED. 

16.  In  the  survey  of  a  harbor  it  frequently  happens  that  a  sandy 

A  B  D  E  F 


beach,  or  other  suitable  place  for  measuring  a  base,  may  be  inter¬ 
sected  by  a  stream  too  wide  and  deep,  or  a  ravine  too  steep,  for  con¬ 
venient  measurement  by  rods  or  chains,  &c.  In  this  case  it  is  re¬ 
quired  to  find  that  portion  a:=BD,  knowing  the  other  two  portions 
of  the  base  by  actual  measurement.  AB— a,  DE=6,  and  also  the 
angle  ACB=«,  ACD=/3,  ACE  =r.  Then  CBD= A+a ;  CDE=A+,?, 
CEF  =  A  +  y. 

BC 


From  triangle  ABC, 


a 


Sill  a 

Dividing  one  by  the  other,  we  have 

BC  a  sin  /2 


Sln  A ,  J  ADC,  DC 


a  +  x 


sin  A 
sin  [i 


DC  (a  -j-  x)  sin  a 

BC  =  sin  (  A  +  r) 


From  A  BEC 


a  -+-  x  sin  (y  —  a ) 


J  DCE,  13 C  =  sm  (A  +  r) 
b  sin  (y  —  fi) 


(1) 
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(2) 


.  BC  _ sin  (j  -  ft)  ( b  +  x) 

DC  sin  (y  —  a)  .  b 

combining  (1)  and  (2),  we  have 

a  sin  ft  (b  -f  x)  sin  (y  -  ft) 

( a  +  x)  sin  a  b  sin  (y  -  a) 

clearing  of  fractions 

a .  sin  ft  .  b  sin  (y  -  a)  =  (a  +  x)  (b  -f  x)  sin  a  sin  (y  -  ft  (4) 
a  .  b  sin  ft  sin  (y  -  a ) 


(3) 


=  (a  -f-  x)  (b  +  x)  =  ab  +  (a  +  b)  x+x 2 


(5) 


sin  a  sin  (j  —  ft) 

To  solve  this  equation  of  2d  degree  with  reference  to  x,  make 

,2  4  a  b  sin  ft  sin  (r  -  a)  ,  .  ,  ,  ,  , 

(a  -  by  sin  a  sin  (y  —  ft) 

in  (5)  gives 

5-  (a  -  by  x  tan2  p  -  a  b  =  x2  -f  (a  +  b)  x, 

Completing  the  square  of  2d  member, 

J.  (a  -  b)2  x  tan2  p  -  a  b  -f  [•!•  (a  y  by]2  = 
x2  +  (a  -f  b)  x  +  \_\  (a  4-  J)]2,  and 

£  (a  -  b)1  tan2  p  —  a  b  -f  \  (a  +  b)2  —  x  +  J  (a  +  b) 

x  =  -  ±  (a  +  b)  ±V  \  (a  —  b)2  tan2  <p  -  a  b  -f  ^  (a  -f  b)2 
=  “  2  (a  +  b)  -1-  Vj  {a  -  b)2  tan2  p  \  (a  - b)2 
=  -  ^  {a  +  b)  {a  -  b)  'V  tan2  <p  +  1 

, _ _ _ -  1 

but  V  tan2  <p  -f  1  =  sec.  p  =  - — 


(6) 


(7) 


COS  p 

a  —  b 

'\x=-\(a-\-b- L  „ - 

2  v  ^  2  cos  p 

Then  base  line  =  a  +  x  +  b 


(9) 


This  example  is  taken  from  C.  S.  Report,  1868. 

Let  AB  represent  a  section  of  the  regularly  measured  base,  about 
equal  to  the  distance  to  be  crossed,  with  its  ends  carefully  marked. 
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Recommence  the  measurement  on  the  other  side  of  creek  or  bog,  and 
mark  off  a  similar  distance  ED,  all  in  the  line  of  the  base.  Set  up  and 
adjust  the  theodolite  on  firm  ground  at  C  and  in  sight  of  the  stubs  at 
A,  B,  E,  and  D.  At  the  intersection  of  the  cross-lines  on  the  tacks 
at  these  four  points,  or  in  line  to  C,  insert  a  short  wire,  or  nail,  or  the 
smallest  object  distinctly  visible  from  C.  Then  measure  the  angles 
ACB,  ACD,  and  ACE,  and  for  verification,  the  angle  BCE. 

Crossing  of  Rudie  Creek. 

Let  AB  =a,  =90m.0242  =  distance  corrected  for  inclination  and 
temperature. 

DE  =b  =120m.0316  =  distance  corrected  for  inclination  and 
temperature. 

BD  =x  =  the  unmeasured  distance. 

ACB  =a  =19°  41'  44".5 6  =  mean  of  observations. 

ACD  =/?  =49°  02'  29//.77  =  mean  of  observations. 

ACE  =y  =75°  22'  02". 50  =  mean  of  observations. 


BCE 


=  55°  40'  14A50  =  mean  of  observations. 
4  ab  sin  /?  sin  (y— a) 


tan2 *  <p  =- 


x  — 


(, a-bj 
a 


A 


sin  a  sin  (j— ft) 
a-b 


2  cos  (p 


-  a 

P 

P 

a 


=55°4(y  16"  .25  l.  sin. 
=49°  02/  29'/  .  si.  sin. 
=26°  197  32"  8/.  cosec. 

=19°  41/  44"  .  6 1 .  cosec. 
log  a=  90 m  .0242 
log  6=  120m  .0316 
log  4  . 


co.  log  (a — b) 2 


tan2  (j)  ... 

tan  0  . 

0  .  =85°  57/  29"  .7 

log  (a— 6) 
ar .  co .  log  cos .  $ 
ar.  co .  log  2 


9.9168826 
9.8780538 
0.3531314 
0.4723380 
1 .9543593 
2.0792956 
0.6020600 
7 .0455432 


2.3016639 

1-1508319 


1.4772284 

1.1519135 

9.6989700 


a—b 

2  cos  (j) 

a-]-b 


212m.8687 


m 

105.0279 


2.3281119 


x  = 


m 

107-8408 
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For  verification,  change  the  position  of  C,  and  from  the  new  point 
observe  the  same  angles,  and  from  them  recompute  x.  In  the  above 
case  the  different  values  of  x,  are  found  to  coincide. 


Measurement  of  Base  by  Sound, 


17.  Sometimes  circumstances  will  not  admit  of  the  direct  measure 
ment  of  the  base,  when  it  may  be  approximately  determined  by 
means  of  the  velocity  of  sound.  This  method  is  applicable  in  the 
survey  of  an  extensive  shoal  or  reef,  which  offers  no  points  above 
water  for  observation,  or  upon  which  to  land. 

The  observers,  at  either  end  of  the  base,  are  provided  with  howit¬ 
zers  or  other  guns,  thermometers,  and  watches.  Having  been  pre¬ 
viously  warned,  the  observer  at  the  opposite  extremity  of  the  base 
from  which  the  gun  is  fired,  notes  the  time  elapsed  from  the  instant  of 
seeing  the  flash  and  that  of  hearing  the  first  sound  of  the  report.  The 
Guns  are  fired  alternately  from  the  two  extremities  at  least  three  times. 
The  mean  of  these  observations  gives  the  time  which  it  has  taken  the 
sound  to  pass  over  the  distance,  which  may  be  calculated  by  the  fol¬ 
lowing  formula : 

O 


Y  =  velocity  of  sound  calculated  as  below. 
T  =  mean  of  times  noted. 


D  =  VxT 


Y  =  1089. Tv/ 1  +  (t°— 32°)  X  0.00208 

in  which  t°  is  the  height  of  the  thermometer  •  1089.42  being  the  velo¬ 
city  of  sound  in  feet  at  32°  Fahrenheit. 

The  velocity  of  sound  through  the  air  is  independent  of  the  bar¬ 
ometric  pressure,  and  experiments  show  it  to  be  sensibly  unaffected  by 
its  hygrometrical  state ;  by  the  original  direction  of  the  sound, 
whether,  for  instance,  the  muzzle  of  a  gun  is  turned  one  way  or  the 
other,  or  by  the  nature  and  position  of  the  ground  over  which  the 
sound  is  conveyed.  It  is  affected  by  the  wind  ;  but  in  ordinary  cases, 
likely  to  be  selected  for  experiment,  its  influence  would  be  almost 
inappreciable.  (Lee’s  Tables  and  Formulae,  1873,  Corps  of  Engi¬ 
neers,  U.  S.  A.) 

Determination  of  Length  of  Base  by  Mast  Head 

Angles. 

It  frequently  may  occur  that  no  suitable  tract  of  land  can  be 
found  for  the  accurate  measurement  of  a  base  ;  and  frequently,  when 
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taking  into  consideration  the  degree  of  accuracy  to  be  desired,  that  an 
approximate  value  for  the  length  of  a  base  may  be  considered  all  that 
is  necessary.  Such  an  approximation  may  be  determined  from  the 
measurement  of  mast  head  angles,  the  perpendicular  height  of  the 
mast  being  carefully  taken  from  the  draft  of  the  ship.  As  the  height 
of  the  observers  will  be  A 
somewhat  raised  above  the 
level  of  the  water  it  ap¬ 
pears  from  the  figure  that 
the  triangle  A  B  C  is  not 
a  right  triangle  and  it  would 
seem  that  it  would  be  ne¬ 
cessary  to  find  some  other  B 
expression  for  the  determi¬ 
nation  of  the  distance  x 
AB 

than  tan  8  = -  in  which  B  C  is  taken  equal  to  x  —  A  B  cot  8. 

BC 


But  by  investigation,  as  will  be  shown  in  the  next  Art.  it  will  be  found 
that  the  difference  between  BC  and  x  will,  under  most  circum¬ 
stances,  be  inappreciable. 

But  this  distance  x  is  the  distance  between  the  ship’s  mast  and  the 
observer  in  the  boat  or  ashore,  and  as  the  ship  is  liable  to  swing  and 
thus  change  her  position,  it  is  desirable  to  find  from  the  distance  thus 
determined  the  distance  between  some  two  objects  on  the  shore. 

It  may  be  done  in  this  way.  Choose  two  points  A  B  in  sight  from 
each  other,  and  situated  so  that  the  line  A  B  will  make  a  convenient 
base  line,  from  which  to  carry  on  the  triangulation.  Send  an  observer 
to  each  station.  Then  at  a  pre¬ 
concerted  signal  (while  the  ship 
is  stationary)  let  the  observer  at 
A  measure  the  mast  head  angle 
and  the  angle  CAB;  the  ob¬ 
server  at  B  the  angle  ABC; 
and  at  C  (the  foot  of  mast  angled 
upon)  measure  the  angle  AC  B. 

From  the  mast  head  angle  com¬ 
pute  the  distance  x,  taking  into 
consideration  the  height  of  the 
observer  at  A,  if  he  be  consider¬ 
ably  elevated.  Then  from  the 
triangle  ABC  compute  the  distance  A  B.  Of  course  the  third  observer 
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at  C  is  not  absolutely  necessary,  but  his  angle  furnishes  a  check  upon 
the  other  two. 

19.  To  show  that  a 
slight  elevation  of  the  eye 
above  the  water  when 
measuring  mast-head  an¬ 
gles  need  not  be  considered 
in  computing  the  distance. 

The  angle  BDA  =  BCA  : 
therefore  when  we  use 
formula 

x  =  AB  cot.  BCA, 
we  determine  AD  instead 
of  AC  =  AP. 

If  DC  is  a  small  arc,  less 
than  1°,  we  may  consider 
it  straight ;  then  the  tri¬ 
angle  DCP  is  similar  to  ABD,  since  the  sides  are  mutually  perpendicu¬ 
lar  to  each  other. 

DP  :  PC=  AB  :  AD  or  DP  =FC  X  AB  =  ^  X  H 

AD  AD 


If  the  diameter  of  the  circle  ABCD  is  3,000  feet,  then  1°  =26.18 
feet,  or  h!  —  26.  +  feet.  So  that  were  the  eye  elevated  20  ft.  and 
the  ship’s  mast,  or  H,  180  feet  high,  DP,  or  the  error  in  the  com¬ 
puted  distance,  would  only  be  1.2  feet.  With  the  diameter  of  the 
circle  700  feet,  the  length  of  1°  =  6.1  feet,  so  that  at  this  distance 
an  elevation  of  the  eye  of  6  feet,  with  the  mast  180  ft.  high,  would 
only  make  an  error  1.5  ft.  in  the  computed  distance.  From  which  we 
see  that  when  the  product  of  II  and  h!  equals  the  distance,  the  error 
is  but  one  unit  of  measure,  provided  the  arc  CD  does  not  exceed  1°, 
which  will  be  ensured  when  CAD  <  To, 

Should  the  height  of  the  observer,  or  hr,  be  so  great  that  the  arc 
CD  is  larger  than  1°,  the  more  rigorous  formula  taken  from  Jeffers’ 
Surveying  (page  99)  may  be  used.  Observing  the  same  notation, 

we  have  tan  a—  - ;  tan?  =_ 

x  x 


tan  &  =  tan  (a  +  <f) 


From  Trig.  (123)  tan  6  =  tan  (a  +  ?)  = 


tan  a  -{-  tan  ^ 

1  —  tan  a  tan  ? 


(i) 
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Hx 


H 


x*  -h'(H-h')  T  _k,  (H -A) 


but  tan  a 


U-h' 


tan  9 


x 

<.  i 


PI 


x  x  —  b!  tan  a 

x  tan  6  -  h'  tan  a  tan  9  =  H 


II 


x  —  _ -f-  h'  tan  a 

tan  9 


To  find  h'  tan  a  take  the  approximate  value. 
x  = 


^  substituting  this  in  tan  a  —  ^  ^ 


tan  9 


x 


h!  (H-A) 

we  have  h  tan  a  — - g — —  which  substituted  in  (3) 


tan  9 


gives  x 


H  h'  (H-A) 


tan  9 


II 


tan  9 


(2) 


(3) 


(4) 


Under  ordinary  circumstances,  as  has  been  before  shown,  the 
second  term  will  be  too  small  to  be  considered. 


The  Azimuth  or  Astronomical  Bearing  of  a  side  of 

the  Triangulation. 

20.  In  order  that  the  different  points  of  the  triangulation  shall 
when  projected  upon  the  chart,  have  the  same  relative  positions  upon 
it  as  they  have  upon  the  earth’s  surface,  it  is  necessary  to  determine 
the  true  or  astronomical  bearing  of  one  of  the  sides  of  the  triangula- 
tion.  It  is  usually  most  convenient  to  determine  that  of  the  base 
line. 

When  a  theodolite  is  available  the  following  method  may  be  used. 
Place  the  theodolite  at  one  extremity  of  the  base,  directly  over  the 
centre  of  the  station  and  make  the  necessary  adjustments.  Place  the 
zeros  in  coincidence ;  unclamp  the  lower  plate  and  bisect  the  signal 
at  other  extremity  of  base  by  the  cross-wires  of  telescope.  Clamp 
lower  plate  firmly.  Unclamp  upper  plate  and  turn  the  telescope  so 
;as  to  bring  the  sun  (or  other  heavenly  body)  in  its  field.  Have  an 
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assistant  at  hand  to  mark  the  time  by  chronometer,  whose  error  is 
accurately  known  (or  watch  which  has  already  been  compared  with 
chronometer.)  Clamp  the  upper  plate  and,  by  means  of  its  tangent 
screw  and  the  tangent  screw  of  the  vertical  circle,  cause  the  vertical 
wire  in  telescope  to  become  tangent  to  the  sun’s  disc.  Note  the 
time,  and  read  the  angle.  Repeat  this  operation  several  times  in 
quick  succession.  Then  the  mean  of  the  angles  will  correspond  to  the 
mean  of  the  times,  provided  the  time  elapsed  between  the  first  and 
last  time  is  not  too  great  for  the  supposition  that  the  change  of 
azimuth  is  proportional  to  the  change  of  time.  By  means  of  formulae 
given  hereafter  compute  the  azimuth  of  the  sun.  Then  the  angle 
measured  by  theodolite  (to  which  must  be  added  or  subtracted  a 
correction  for  the  sun’s  semi -diameter)  plus  or  minus  the  true  azi¬ 
muth  of  the  sun  will  be  the  azimuth  or  astronomical  bearing  of  the 
baseline.  If  the  sun  is  to  left  of  base  and  is  east  of  meridian  the  angle 
between  the  sun  and  base  must  be  added  to  the  sun’s  azimuth  to  get 
true  bearing  of  base.  If  sun  is  to  the  west  of  meridian  in  the  above 

case,  the  angle  must  be  subtracted.  All  this  refers  to  N-  Latitude.  The 
* 

observation  should  be  made  when  the  heavenly  body  is  near  the 
prime  vertical,  provided  it  has  not  too  great  an  altitude  at  that 
time. 

In  this  method  the  local  time  must  be  accurately  known  by 
chronometers,  or  if  these 
are  regulated  to  Green- 
wich  time,  the  Longitude 
must  have  been  accurately 
determined. 

21.  In  fig.  L  =  Lat, 
usually  regarded  as  posi¬ 
tive.  d  =  declination  of 
body ;  positive  or  nega¬ 
tive,  as  it  is  of  same  or 
opposite  name  to  Latitude. 
t  —  Hour  angle  of  the 
body,  c o'  —  an  .auxiliary, 
the  declination  of  the  foot 
of  the  perpendicular  let 
fall  from  the  body  upon 
the  meridian,  h  —  body’s 
true  alt. 


N 


E 


S 
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From  trigonometry 

cot  Z  = 


tan  <p'  «=  tan  d  sec  t 

sin  (<pr  —  L)  cot  t  (1) 

cos  ip'  (See  Coffin’s  Prob.  38.) 


sin  h  — 


cos  (<pr  —  L)  sin  d 
sin  w 

J 


'  Should  the  local  time  not  be  well  determined,  it  will  be  necessary 
to  measure  the  altitude  of  the  heavenly  body  at  the  same  time  that 
its  horizontal  angular  distance  from  the  base  line  is  measured,  either 
by  the  vertical  circle  of  the  theodolite,  or  by  a  second  observer  with 
sextant  and  artificial  horizon.  Then  the  body’s  azimuth  will  be 
found  by  either  of  the  formulae. 

cos  |Z=  V  cos  s'  cos  (s'  -  p)  sec  L  sec  h  in  which  (2) 

s'  =  i  (L  +  h  +  y>),  or 


Sin  J  Z  =  cos  s"  sin  (s"  -  a)  sec  L  sec  li  in  which 


(3) 


s"  —  ^  (co  L  +  d  +  ti) 


(See  Coffin’s  Prob.  40.) 


The  correction  for  sun’s  semi-diameter  when  angle  is  measured  by 

theodolite  is  S'=  S  sec  h 
« 

22.  Should  a  Theodolite  not  be  available  the  sextant  may  be  used. 

N  It  will  be  at  once  seen  that  the 

angular  distance  thus  measured 
is  in  the  plane  passing  through 
the  two  objects,  whereas  when 
the  theodolite  was  used  the  dis¬ 
tance  was  measured  in  a  hori¬ 
zontal  jdane.  When  the  sextant 
has  been  used  it  becomes  neces¬ 
sary  to  reduce  the  measured 
distance  to  a  horizontal  plane, 
or  in  other  words  to  find  the  arc 
of  the  horizon  intercepted  be¬ 
tween  the  vertical  circles  pass¬ 
ing  through  the  signal  and  heav- 
S  enly  bod}' :  that  is,  the  difference 

of  their  azimuths.  This  may  be 
done  by  the  following  formula.  (See  Coffin,  Prob.  62.) 
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sin  C  — 


'sin  1  (D  +  H'  -  //)  sin  1  (D  -  H'  +  //)\  £ 


cos  H'  cos  h' 


let  d  =  H'  -  // 


.*.  sin  C 


or  cos  i  C  = 


sin  1  (D  +  c?)  sin  (D  - 
cos  Ii'cos  h! 


(0 


cos  \  (IF  +  //  +  D)  cos  I  ( II'  +  //  -  D)\  5 
cos  IT'  cos  // 


let  S  = 


cos  J  £ 


i  (IT'  +  //  +  D) 

cos  S  cos  (S  —  D)^  2 
cos  H'  cos  h! 


(5) 


M  =  body.  0  =  Terrestrial  object.  H7  =  app.  alt.  of  body,  h'  =  app.  alt.  of 
terrestrial  object.  D  =  angular  distance  between  two,  corrected  for  index  correction 
and  semi-diameter  £  =  diff.  of  azimuth  between  object  and  body. 

If  the  object  is  in  true  horizon  (or  its  alt.  =  Dip  +  Ref)  then 
cos  C  =  cos  D  sec  IT'. 

Should  the  sun’s  limb  (when  angular  distance  is  measured  by  a 
sextant)  be  brought  tangent  to  a  vertical  edge  of  a  ten 
(as  the  signal  of  a  station),  the  correction  for  semi-cljfameter 
becomes  s'=  s  sin  MOZ. 

MOZ,  the  angle  between  the  vertical  circle  passing 
trial  object  and  the  plane  passing  through  this  objj 

sin  IT' 

may  be  found  by  cos  MOZ 

D'  being  measured  distance  corrected  for  index  coVreption . 
much  better,  however,  to  measure  the  least  distance  to 
terrestrial  object,  and  to  this  distance  apply  the  whole  s^y-diametei 
and  index  correction,  being  careful  that  the  altitude  of  the 
is  observed.  Making  the  sun’s  limb  tangent  to  the  vertical  line  is  a 
difficult  operation. 

Then  azimuth  of  terrestrial  object  (or  base  line)  equals  azimuth  of 
heavenly  body  i  C« 

23.  For  the  purpose  of  referring  azimuths,  observed  at  night,  to 
the  direction  of  any  geodetic  signal,  a  mark  is  set  up,  consisting  of  a 
perforated  box  (about  j  foot  cube)  through  th£  front  face  of  which 
the  light  of  a  bull’s  $ye  lantern  is  shown,  appearing  about  the  size  and 
brilliancy  of  the  star  observed.  The  distance  of  this  mark  from  the 
station  is  generally  determined  by  local  circumstances ;  but  should,  if 
possible,  not  be  nearer  than  a  mile. 
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If  it  is  desired  to  obtain  the  azimuth  of  the  same  point  by  day  ob¬ 
servations,  a  vertical  black  stripe  is  painted  on  a  wand,  placed  directly 
above  and  below  the  centre  of  the  aperture,  and  of  same  width.  If 
this  is  a  quarter  of  an  inch  In  width  it  will  subtend  at  the  distance  of 
one  mile  O/'S. 

24.  Having  thus  determined  the  azimuth  of  any  line  and  wishing  to 
set  up  a  mark  which  will  show  the  direction  of  the  meridian  passing 
through  the  spot  at  which  the  instrument  is  placed,  it  is  only  neces¬ 
sary  to  turn  the  telescope  (pointed  at  the  object  whose  azimuth  has 
been  determined)  through  an  angle  equal  to  the  azimuth,  and  in  the 
opposite  direction  to  that  in  which  the  azimuth  was  reckoned. 

If  now  a  stake  be  set  up  in  the  prolongation  of  the  line  of  sight, 
as  shown  by  the  cross-wires  of  the  instrument,  then  the  line  drawn 
from  this  object  to  the  centre  of  the  station  occupied  will  be  the 
meridian  line . 

DETERMINING  THE  MERIDIAN  LINE  BY  SHADOWS. 

25.  A  good  approximation  may  be  made  as  follows  :  Plant  a  stake 
upon  a  level  piece  of  ground,  and  give  it  a  vertical  position  by  means  of 
a  plumb  line.  Describe  one  or  more  circles  on  the  ground  from  the 
foot  of  the  stake  as  a  centre.  At  the  two  instants  before  and  after 
noon,  when  the  shadow  of  the  stake  extends  to  the  same  circle,  the 
azimuth  of  the  shadow  east  and  west  are  equal.  The  points  of  the 
circle  at  which  the  shadow  terminates  at  these  instants  being  marked, 
let  the  included  arc  be  bisected;  the  point  of  intersection  and  the 
centre  of  the  stake  then  determine  the  meridian  line.  Theoretically, 
a  small  correction  should  be  made  for  the  sun’s  change  of  declination, 
but  it  W'ould  be  quite  superfluous  in  this  method.  (Chauvenet’s 
Astronomy.  Vol.  I.) 

26.  As  this  text  is  to  be  used  by  those  who,  in  course  of  instruction 
in  navigation,  have  already  learned  the  various  methods  of  rating  chron¬ 
ometers,  and  of  determining  the  Latitude  and  Longitude,  the  formulae 
and  general  discussions  will  not  be  touched  upon  here.  They  may  be 
found  in  Coffin’s  Navigation,  or  still  more  elaborated  in  Chauvenet’s 
Astronomy. 

In  order  that  the  different  points  of  the  triangulation  may  be 
determined  in  Latitude  and  Longitude,  it  is  necessary  to  fix  accurately 
the  Latitude  and  Longitude  of  one  of  the  principal  stations  ;  then 
by  computation  the  Latitude  and  Longitude  of  the  stations  may  be 
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found  ;  or,  after  the  work  has  been  plotted,  they  may  be  taken  direct¬ 
ly  from  the  chart.  The  station  of  which  the  position  is  to  be  thus 
fixed  by  observation  is  usually  one  of  the  base  stations. 

The  Latitude  should,  when  possible,  be  fixed  by  observation  with 
the  zenith  telescope,  and  the  Longitude  determined  by  means  of  the 
transit  instrument  and  chronometer.  These  instruments,  not  being 
available,  the  sextant  and  artificial  horizon  are  used. 

The  Latitude  may  be  determined  by  observations  of  the  sun  or 
fixed  stars  when  on  the  meridian,  or  by  circum-meridian  altitudes  of 
those  bodies.  Stars  are  the  more  generally  used  ;  for  in  a  few  hours 
one  is  able  to  observe  several  different  stars,  whereas  the  sun  is  in 
proper  position  for  the  determination  of  the  Latitude  by  these  methods 
but  for  a  few  minutes  during  the  twenty-four  hours.  In  employing 
the  method  of  circum-meridian  altitudes  of  fixed  stars  it  is  best  to  choose 
those  which  cross  at  nearly  the  same  time,  and  at  nearly  equal  zenith 
distances,  but  on  opposite  sides  of  the  zenith. 

The  Longitude  must  be  determined  by  the  ordinary  chronometer 
sights. 
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TR I  ANGULATION. 

THE  SELECTION  OF  STATIONS - SIGNALS - MEASUREMENT  OF  HORI¬ 
ZONTAL  ANGLES - REPEATING  ANGLES - FORM  OF  ANGLE  BOOK 

— Reduction  to  the  centre  of  station — Reduction  of  sext¬ 
ant  ANGLES  TO  THE  HORIZONTAL  PLANE— SPTIERICA L  EXCESS 

- THREE  ORDERS  OF  TRIANGULATION. 

SELECTION  OF  STATIONS. 

27.  In  the  selection  of  principal  stations  the  following  points  should 
be  kept  in  mind  : 

1.  The  number  of  stations  will  depend  upon  the  amount  of  detail 
to  be  shown  upon  the  chart — stations  should  be  placed  upon  all  im¬ 
portant  topographic  and  hydrographic  points. 

2.  They  should  be  chosen  so  that  the  angles  of  the  triangle  may 
be  as  nearly  equal  as  possible  ;  no  angle  to  be  less  than  30°. 

3.  The  length  of  side  should  not  exceed  the  power  of  the  telescope 
of  instrument. 

4.  At  the  end  of  the  triangulation  the  station  should  be  chosen  so 
that  a  verification  base  may  be  measured. 

It  frequently  happens  that  the  only  base  line  that  can  be  taken  lies 
in  such  a  direction  as  to  give  j30or  triangles  for  the  determination  of 
other  important  stations.  When  this  is  the  case  it  is  necessary  to 
choose  some  station  which  can  be  accurately  fixed  from  the  base  line, 
and  then  use  the  computed  sides  of  this  triangle  as  the  base  in  the 
computations  neccessary  to  determine  the  position  of  those  points 
which  could  not  be  determined  by  triangles  formed  upon  the  original 
base. 
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NAMES  OF  STATIONS. 

The  station  should  be  called  after  the  popular  designation  of  the 
sit  i  on  which  it  is  situated,  or  after  some  peculiarity  of  the  ground  or 
formation  well  known  in  the  neighborhood.  The  same  name  should 
not  occur  twice  in  the  same  section  of  the  country.  Or  the  stations 
may  be  numbered  or  distinguished  by  the  letter  of  the  alphabet. 
(Coast  Survey  Report.) 


SIGNALS. 

28.  As  it  rarely  occurs  that  natural  objects  are  suitable  or  properly 
placed  to  indicate  the  angular  points  of  the  triangulation,  and  as  such 
objects  as  light-houses,  towers,  &c.,  on  the  centre  of  which  the  instru¬ 
ments  cannot  be  placed  (thus  rendering  certain  reductions  neccessary), 
are  inconvenient  for  use,  it  generally  becomes  necessar}^  to  erect  signals 
at  these  points.  The  signal  should  always  be  so  arranged  that  the  theod¬ 
olite  may  be  placed  directly  over  or  under  the  center  of  the  station, 
and  the  signal  pole,  if  removed,  exactly  replaced.  It  is  also  necessary 
that  the  height  of  signal  be  sufficient  to  overcome  the  difference  of 
level  due  to  curvature. 

The  signal  ordinarily  consists  of  a  pole  from  10  to  25  feet  in  length 
placed  vertically  and  surmounted  by  a  flag,  and  steadied  by  braces. 
(For  a  variety  of  signals,  see  Coast  Survey  Reports  or  Jeffer’s  Survey¬ 
ing,  pages  24,  25.)  In  regard  to  the  diameter  of  the  pole  to  be  used,  it 
is  evident  that,  in  short  lines,  it  should  not  exceed  the  size  just  sufficient 
to  a  Imit  of  its  being  distinctly  seen,  as  all  increase  of  size  is  a  source 
of  error.  With  sides  not  exceeding  5  miles,  pole  not  to  exceed  two 
to  five  inches  in  diameter;  with  sides  upward  of  5  miles,  from  5  to  8 
inches  (Coast  Survey  Report).  In  the  erection  of  any  kind  of  signal 
too  much  care  cannot  be  used  in  centering  the  mark  to  be  observed 
exactly  over  the  center  of  the  station. 

29.  In  the  primary  triangulation,  in  which  the  length  of  the  sides  is 
very  considerable,  it  is  recommended  in  the  Coast  Survey  Reports  that 
the  line  of  sight  of  the  telescope  should  never  be  allowed  to  pass 
within  less  than  6  feet  from  the  ground. 

In  order  to  determine  the  required  height  of  signal  of  any  given 
length  of  line,  allowance  being  made  for  terrestrial  refraction  and 
curvature,  the  tables  on  page  54  may  be  referred  to. 
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As  an  illustration  of  the  use  of  this  table,  let  us  suppose  that  a  line, 
A  to  B,  was  18  miles  in  length  over  a  level  plain,  and  that  the  instru¬ 
ment  could  be  elevated  at  either  station,  by  means  of  a  portable  tripod, 
to  a  height  of  20,  or  30,  or  50  feet.  If  we  determine  upon  36.3  feet  at  A, 
the  tangent  would  strike  the  curve  at  the  distance  represented  bv  that 
height  in  the  table,  viz.,  8  miles,  leaving  the  curvative  (decreased  by 
the  ordinary  refraction)  of  10  miles  to  be  overcome.  Opposite  to  10 
miles  we  find  56.7  feet,  and  a  signal  at  that  height  erected  at  B 
would,  under  favorable  refraction,  be  just  visible  from  the  top  of  the 
tripod  at  A,  or  be  on  the  same  apparent  level.  If  we  now  add  8  feet 
to  tripod  and  8  feet  to  signal  pole,  the  visual  ray  would  certainly  pass 
6  feet  above  the  tangent  point,  and  20  feet  of  the  pole  would  be  visi¬ 
ble  from  A.  Other  variations  may  be  made  to  suit  the  circumstances, 
as  it  rarely  happens  that  in  lines  across  water  or  level  land  there  are 
not  some  slight  elevations  which  could  be  made  available  as  stations. 

CONSTRUCTION  OF  SIGNALS. 

The  following  instructions  in  case  of  large  triangles  is  taken  from 
Coast  Survey  Report.  1868. 

In  no  case  should  the  foot  of  the  pole  be  inserted  in  or  be  allowed 
to  come  in  contact  with  the  earthenware  cone,  or  other  article  buried 
as  an  underground  mark.  Six  or  eight  inches  of  earth  carefully 
packed  above  the  cone  or  block,  and  upon  this  a  square  foot  or  so  of 
board,  upon  which  the  pole  can  rest,  will  be  sufficient  to  afford  a  foot¬ 
hold  when  such  is  necessary,  and,  at  the  same  time,  to  prevent  any 
displacement  of  or  injury  to  the  mark,  in  case  the  pole  should  be 
roughly  handled  or  blown  down. 

The  tripod  and  scaffold,  which  are  frequently  erected  for  the  eleva¬ 
tion  of  the  instrument  and  observer,  in  order  to  obtain  a  longer  length 
of  line  or  to  escape  the  troubled  condition  of  the  atmosphere  usually 
lying  immediately  over  the  low,  fiat  lands  bordering  the  coasts  and 
shores,  vary  in  height  from  10  to  60  feet,  and  are  made  of  scantling, 
purchased  for  the  purpose,  or  of  materials  obtained  from  the  forest, 
and  are  built  in  general  accordance  with  the  plans  and  specifications 
given  in  the  annual  reports.  While  a  strict  adherence  to  uniformity 
in  the  details  of  the  construction  is  not  possible,  so  much  depending 
upon  the  means  and  facilities  at  the  disposal  of  the  assistant  and 
upon  a  proper  regard  to  economy,  the  general  principles  of  strength 
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and  solidity,  in  both  tripod  and  scaffold,  are  strictly  observed,  by  a 
proper  spread  and  anchoring  of  the  feet,  a  thorough  bracing  of  the 
legs,  and  a  compact  fitting  of  the  cap  to  the  top  of  the  tripod.  A 
careful  attention  to  these  points  will  secure  perfect  immobility  while 
the  observations  are  being  made,  and  sufficient  firmness  to  keep  the 
scaffold  entirely  and  always  free  from  contact  with  the  tripod,  and  to 
enable  both  structures  to  resist  the  most  violent  storms. 

The  following  description  and  plan  of  a  small  portable  tripod  and 
scaffold  may  be  of  service,  the  height  being  well  adapted  for  short 
lines  on  the  southern  coast: 


Tripod. — This  is  made  of  three  legs  18  feet  long  and  six  inches  in 
diameter,  bolted  together,  3  inches  from  the  top,  with  an 
inch  bolt,  16  inches  long.  After  they  are  fitted  together 
at  the  head,  the  spread  being  13  feet,  and  before  raising, 
one  of  the  braces,  ee ,  is  screwed  to  the  two  outside  legs 
so  as  to  keep  them  in  place  while  raising  the  tripod  by 
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the  third  leg.  It  is  then  settled  two  feet  in  the  ground, 
care  being  taken  to  level  it  by  the  braces  ee,  which  are  to 
be  screwed  on  with  wood  screws. 


I 


Scaffold. — 4  posts,  16J  feet  long  and  5  inches  square. 

8  cross-pieces,  7  feet  long  and  6  inches  by  1^,  a  a. 

3  cross-pieces,  7  feet  long  and  6  inches  by  1,  b  b. 

4  braces,  10  feet  long  and  5  inches  by  1|-,  c  c. 

8  flooring  pieces,  7  feet  3  inches  long  and  9^  by  1,  with 

holes  for  the  tripod  legs. 

The  end  posts  are  those  on  which  the  braces  and  cross-pieces  screw 
on  the  outside,  and  which  are  to  be  fastened  together  in  pairs,  when 
on  the  ground,  so  that  it  may  be  raised  after  the  manner  of  a  bedstead 
or  house  frame.  The  braces,  c  c ,  are  to  be  bolted  to  the  upper  ends  to 
steady  the  posts  when  raising  them.  All  the  holes  in  the  posts, 
cross-pieces,  and  braces  are  to  be  identical  as  to  plan  and  size,  as  also 
the  pieces  themselves,  so  as  to  have  no  mistakes,  and  when  raised  the 
scaffold  fits  to  the  tripod  as  shown  in  the  drawing.  The  scaffold  is 
levelled  by  the  cross-pieces  and  adjusted,  and  in  firm  position  after 
the  floor  is  on,  so  as  to  be  free  from  the  tripod.  The  floor  is  to  be  2 
feet  10  inches  below  the  top  of  the  tripod.  Three  iron  knees  are 
screwed  to  the  tripod  legs  near  the  top,  so  that  the  triangular  piece 
for  the  theodolite  can  be  bolted  to  them.  This  piece  is  made  of  two 
pieces  of  one-inch  plank  screwed  together  across  the  grain,  and  then 
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painted.  Holes  are  made  in  the  floor  for  the  tent  posts,  and  wire 
guys  are  sometimes  required  for  the  scaffold. 

The  above  takes  about  two  hours  to  put  up.  One  large  and  two 
small  wrenches  are  necessary ;  also  a  bag  to  contain  the  screws,  nuts, 
&c.  Should  more  than  one  be  needed,  they  should  be  painted  dif¬ 
ferent  colors,  but  be  in  all  other  respects  exactly  alike,  in  order  that 
one  can  be  used  to  repair  the  other. 

The  station  marks  include  the  underground  and  surface  marks ; 
the  former  to  be  buried  and  the  latter  to  be  thrown  up  for  the  pres¬ 
ervation  of  the  centre  and  of  the  position  of  the  station. 

MEASUREMENT  OF  HORIZONTAL  ANGLES. 

30.  When  the  theodolite  is  used,  the  following  is  the  method  pur¬ 
sued. 

Set  the  theodolite  over  the  station  (from  which  angles  are  to  be 
measured)  so  that  the  plumb  bob  shall  be  exactly  over  the  centre  of 
the  station,  stretching  the  legs  wide  apart,  and  placing  them  in  solid 
ground  so  that  they  may  remain  lirm  during  the  observations.  By  a 
little  practice  the  above  may  be  carried  out,  and  the  azimuth  plates  at 
the  same  time  be  laid  nearly  horizontal.  By  means  of  the  levelling 
screws  and  the  levels  bring  these  plates  horizontal,  turning  them  around 
slowly  to  verify  the  adjustment.  Then  place  the  0°  of  upper 
plate  in  coincidence  with  0°  of  lower  plate  and  clamp  it  in  that 
position.  Unclamp  lower  plate  and  turn  the  telescope  toward  the  station 
which  has  been  chosen  as  the  origin  of  angles.  By  means  of  the  tangent 
screw  attached  to  lower  plate,  the  cross-wires  are  made  to  bisect  the 
signal  of  the  station  (call  A).  Now  unclamp  the  upper  plate  and 
turn  the  telescope  to  the  right,  clamp,  and  by  means  of  the  tangent 
screw  attached  to  the  upper  plate,  bisect  the  signal  of  station  (call  B). 
whose  angular  distance  from  origin  (A)  it  is  desired  to  measure, 
leaving  the  upper  plate  securely  clamped,  and  take  the  reading  of 
both  verniers.  Now  unclamp  the  lower  plate  and  turn  it  to  the  left 
till  the  telescope  again  points  to  the  signal  of  A,  when  the  lower  plate 
is  again  clamped  and,  by  means  of  its  tangent  screw,  the  cross-wires 
are  made  to  bisect  the  signal.  Unclamp  upper  plate  and  again  turn 
telescope  in  same  manner  as  before  to  bisect  the  signal  of  B,  and 
again  read  both  verniers.  This  reading  should  be  exactly  the  double 
of  the  proceeding  one  ;  for  after  having  once  measured  the  angle,  the 
0°  of  the  graduated  (lower)  plate  has  been  moved  to  the  left  as  much 
as  the  telescope  had  been  before  moved  to  the  right ;  hence  when  the 
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telescope  is  the  second  time  moved  to  the  right  to  bisect  the  signal  B, 
the  reading  should  be  double  the  angle  measured.  Continue  in  this 
manner  until  at  least  a  round  of  the  circumference  of  the  plate  has 
been  passed  over.  This  method  is  called  “  repeating  ”  the  angles  ; 
its  object  is  to  lessen  the  errors  of  observation  and  to  eliminate  as 
much  as  possible  the  errors  of  graduation  and  the  eccentricity  of  the 
circle.  The  final  reading  is  taken,  and  if  more  than  the  circumference 
has  been  passed  over,  360°  is  added  to  it,  and  the  sum  divided  by  the 
number  of  times  the  angle  has  been  repeated  will  give  the  angle 
accurately.  It  is  recommended  to  repeat  the  angle  six  times  and  to 
pass  over  at  least  one  circumference  of  the  circle. 

31.  To  measure  a  round  of  angles  without  “  repeating  ”  them.  When 
it  is  considered  a  needless  refinement  to  “  repeat  ”  the  angles,  as  before 
described,  a  round  of  angles  may  be  measured  in  this  way. 

Set  the  theodolite  up  over  the  centre  of  the  station  to  be  occupied 
and,  after  having  levelled  the  instrument,  place  the  two  zeros  (of  the 
plates)  in  coincidence  ;  clamp  the  upper  plate,  and  turn  the  lower 
plate  till  the  signal  of  the  station  selected  as  original  of  angles  comes 
into  the  field  of  the  telescope  ;  then  clamp  the  lower  plate,  and  by 
means  of  its  tangent  screw  bisect  the  signal  by  the  cross-wires.  Then 
unclamp  upper  plate  and  turn  telescope  to  the  station  next  to  the  right, 
clamp,  arid,  by  means  of  tangent  screw  of  upper  plate,  bisect  this  signal  by 
the  cross-wires  ;  then  read  both  verniers.  Unclamp  upper  plate  (leaving 
lower  plate  still  clamped)  and  turn  to  the  next  station  to  the  right ; 
perfect  the  bisection  of  this  station  with  the  cross-wires,  and  read  as 
before.  Proceed  in  this  way  until  the  entire  round  has  been  measured. 
Then  turn  the  telescope  to  bisect  the  signal  of  origin  again,  and  if  the 
zeros  still  coincide,  the  instrument  has  not  been  moved.  This  is  called 
“  verifying  the  zero.”  If  the  coincidence  of  the  zeros  is  not  perfect 
the  angles  must  be  measured  again. 

The  following  tables  are  given  showing  the  manner  of  recording 
the  angles  ;  the  form  being  taken  from  the  Coast  Survey  Angle  Book. 
The  quantities  in  the  columns  are  taken  from  actual  work,  and  are ' 
given  as  examples  merely. 
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FORM  FOR  RECORDING  HORIZONTAL  ANGLES. 


No. 

Time. 

Angles. 

Objects 

observed. 

Station 

occupied. 

Feb.  20 

9  A.M. 

14.05.10 

Station  B 

East  Base 

28  10.30 

42.15.20 

56.20  40 

70.25.30 

84.31 

6)84.31 

14.05.10 

Remarks. 


Origin  of  Angles. 

West  Base. 

Angles  repeated  six 
times,  both  ver¬ 
niers  read, and  same 
result  obtained. 

Instrument  used. 

W urdeman  Theodo¬ 
lite  — 8"  circle. 


Least  count  of  ver¬ 
nier  10" 


Weather  overcast. 


Same  origin. 
Same  remarks. 


SHOWING  A  HOUND  OF  ANGLES. 


Feb.  21(9.40  am 


20.05 

E 

G 

Origin  D. 

42.08 

F 

Instrument  used. 

65.07 

G 

Bureau  Theodolite. 

87  34 

EB 

Least  count,  V  00” 

102.16 

WB 

A  and  B  not  in  sight. 

o°-r 

D 
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REDUCTION  TO  CENTRE  OF  STATION. 

32.  Frequently  it  is  not  possible  to  occupy  the  centre  of  one  of  the 

stations  chosen,  so  that  the  angles,  measured  at  some  place  near  the 

centre  of  the  station,  must  be  reduced  to  what  they  would  have  been 

had  thev  been  observed  at  the  centre  of  the  station.  Such  correction 
%/ 

or  reduction  is  called  the  “  Reduction  to  the  Centre  of  Station.” 


B 


In  figure  let  C  =  centre  of  station. 

P  =  Place  occupied  by  instrument. 

O  =  Angle  at  P,  between  the  stations  A  and  B. 
y  =  Angle  at  P,  between  C  and  left-hand  station  B. 
r  —  Distance  CP. 

D  =  “  AC. 

G  =  “  BC. 


Call  the  angle  at  C  between  A  and  B  ==  C. 


In  triangle  CBA,  C  =  180°  -  CBA  -  CAB  = 

180°  -  (CBP+  PBA)  -  (BAP  -  PAC) 

In  triangle  CAP,  sin  (O  +  y)  :  sin  PAC  =  D :  r 


sin 


PAC  =  r  sin  (°  + 


since  PAC  is  small,  PAC  =  — 'i!-?— _  K 1 

D  sin  1 

In  triangle  CBP,  Sin  y  :  sin  CBP  =G  :  r 

•  r  V  ^ r  sin  y 

Bin  CBP  =  ~~  ,  CBP  =  ^ 

D  G  sin  1 

C=  180°  -  PBA  -  BAP  -  r  sin  y  +  r  sin  (O  +  Q 

G  sin  1"  D  sin  1" 


a) 


(2 


,) 


(3) 

(4) 


REDUCTION  TO  THE  CENTER  OF  ST  AT  [OFT. 
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But  180°  -  PBA  -  BAP  =  O 


C  =  O 


r  sin  y  r  sin  (O  +  y) 
G  sin  1"  P  sin  1" 


EXAMPLE  OF  REDUCTION  TO  CENTRE  OF  STATION. 


G  =  42390  yards 
O  =  42°  53'  21 

Log  r  =  0.09897 

ar.  co.  lo£.  sin.  1"  =  5.31443 

o 


sin.  1"  =  G. 01340 

log.  sin.  (O  -j-  y)  =  -9.96801 

ar.  co.  log.  D  =  5.23781 
2d  Term-1 6."57  log.-1.21922 

1st  do.  -f-22."69 


D  =57836  yards 
O  +  y  =  291°  43'  21" 


6.01340 

log.  sin.  y  =  —  9.96966 
a  r.  co.  log.  G  =  5.37273 
1st  term-22".  69  log:, -1.35579 


Taken  from  Jeffers’  Surveying. 

r  —  5.00  yards 
y  =  248°  50' 


+6".12  =  Reduction  to  centre. 


REDUCTION  OF  SEXTANT  ANGLES  TO  HORIZONTAL  PLANES. 
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If  the  angular  distance  ah  has  been  z 
measured  in  an  oblique  plane,  it  becomes 
necessary  to  find  from  this  the  horizontal 
angular  distance  between  the  vertical  circles 
passing  through  the  two  points  ;  that  is,  to 
obtain  the  horizontal  angle  between  them. 

If  we  measure  the  altitudes  of  a  and  b,  and 
thence  get  their  zenith  distances,  we  have  in 
the  Spherical  Triange  a  Z5,  the  sides  Z a, 

Z5,  and  ah,  from  which  can  be  found  the 
angle  a7J),  which  is  measured  by  the  arc 

AB,  which  also  measures  the  angle  AcB,  which  is  the  horizontal 
angle  between  the  two  points  a  and  h. 

To  find  this  the  following  formula  may  be  employed. 
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sin  ^  C 


/  sin  J-  (D  +  H  -  h)  sin  ±  (D-H  +  h)\± 


(i) 


putting  d  —  II  -  h 


cos  II  cos  h 


sin  i-  C 


^sin  ^  ( I)  +  d  )  sin  ^  (D 

mi 


cos  H  cos  h 


d) 


(2) 


in  which  II  = 


or  cos  J  £ 


alt.  of  a,  h  =  alt.  of  5,  D  =  ang  dis.  cor.  for  index 
correction,  C  —  ang  aZb. 

=  ( cos  j  (H  +  h  +  D)  cos  \  (H  +  h  -  D)  \  i  (3) 

\  COS  H  cos  h  ) 


which  are  the  same  as  found  in  the  discussion  of  the  astronomical 
bearing. 

These  formulae  are  general  and  exact  in  all  cases  :  but  as  the  alti¬ 
tude  of  a  and  b  rarely  exceeds  a  few  degrees,  it  is  usual  (when  great 
accuracy  is  desired)  to  compute  the  correction  of  the  observed  angular 
distance  to  obtain  the  corresponding  horizontal  distance,  the  formulae 
for  which  may  be  found  in  Jeffers’  Surveying,  page  131.  But  as  in  the 
following  example,  in  which  h  —  2°,  II  =  3°,  and  the  distance  mea¬ 
sured  56°,  it  was  found  that  the  correction  amounted  to  but  O'  50",  it 
will  be  seen  (bearing  in  mind  that  it  is  practically  impossible  to  mea¬ 
sure  angles  with  the  sextant  within  20")  that  this  correction  can  be 
generally  neglected,  provided  the  altitude  of  neither  object  exceeds  2° 
or  3°. 

If  the  plane  in  which  the  objects  lie  is  inclined  at  a  small  angle 
to  the  horizon,  a  very  good  value  of  the  horizontal  angle  may  be  ob¬ 
tained  by  observing  the  angular  distance  of  each  object  from  a  third, 
very  far  to  the  right  or  left  of  both.  The  difference  of  these  angular 
distances  will  be  nearly  equal  to  the  desired  horizontal  angle.  Should 
the  obliquity  of  the  plane  be  considerable,  the  horizontal  angle  must 
be  found  by  the  formula;  given. 


SPIIKIIICAL  EXCESS. 

34.  Definition. — The  excess  of  the  sum  of  the  angles  of  a  spherical 
triangle  over  two  right  angles  is  called  the  spherical  excess. 


In  small  triangles  where  the  sides  do  not  exceed  6  or  8  miles  it 
need  not  be  considered,  but  in  large  triangles  it  must  be. 


SPHERICAL  EXCESS. 
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The  expression  for  the 
Art.  162.] 


spherical  excess  is  [Chauvenet,  Trig. 


Excess  = 


a.  b.  sin  C  1 

"2  ,T:^irn77 


a.  b.  sin  C  -  ,  .  , 

- - - =  area  oi  triangle. 

r  =  radius  of  earth. 

logarithm  of  mean  radius  of  earth  in  yards  is  6.8427917 


Between  latitudes  of  25°  and  45°  the  spherical  excess  amounts  to 
about  1"  for  an  area  of  75.5  square  miles.  Hence  if  the  area  in  square 
miles  be  known,  a  close  approximation  to  the  spherical  excess  will  be 
had  by  dividing  the  area  by  75.5  miles. 

If  the  three  angles  are  assumed  to  have  been  equally  well  meas¬ 
ured,  the  previous  determination  of  the  spherical  excess  is  not  neces¬ 
sary  for  the  calculation  of  the  sides,  (though  it  will  be  required  for 
estimating  the  relative  accuracy  of  the  observations),  for  the  length 
of  the  sides  of  a  spherical  triangle  may  be  computed  as  if  they  were 
rectilinear  when  one  third  of  the  excess  of  the  sum  of  the  three  angles, 
above  180°  is  deducted  from  each  of  the  three  observed  angles. 

a 


a  sin  (B  -  j-  E) 
sin  (A  —  ^  E) 


For  large  triangles  excess  = 


a.  b.  sin  C  (1  +  e2  cos  2  L) 

2  r2  sin  \" 


in  which  latter  r  —  equatorial  radius,  and  L  ==  the  mean  latitude  of 
the  three  stations. 

e  —  eccentricity  of  the  earth. 

35.  Three  orders  ,pf  triangulation  are  recognized  in  the  geodetic- 
operations  for  the  survey  of  a  coast. 

1.  The  primary  triangulation  with  sides  varying  from  20  to  100' 
miles  in  length. 

2.  The  secondary  triangulation  with  sides  varying  from  5  to  20 
miles  in  length,  either  connected  with  the  primary,  or  starting  out 
from  independent  bases. 

3.  The  tertiary  triangulation  with  sides  of  less  than  5  miles. 
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The  survey  of  a  harbor  therefore  generally  comes  under  the  head 
of  tertiary  triangulation. 

To  unite  the  most  advantageous  conditions,  as  has  been  before 
stated,  the  triangles  should  be  as  nearly  equilateral  as  possible.  Small 
errors  in  the  measurement  of  angles  will  then  least  affect  the  com¬ 
puted  length  of  opposite  sides.  The  least  number  of  triangles  which 
will  cover  the  ground  should  be  employed  ;  but  for  the  purpose  of  a 
hydrographic  survey  the  sides  should  seldom  exceed  12  or  15  miles, 
as  it  would  be  difficult  to  distinguish  the  signals  in  the  atmosphere  of 
the  sea-shore. 

On  the  coast  survey,  with  very  powerful  instruments,  triangles  with 
sides  of  40  miles  are  common,  and  sides  of  84  miles  have  been  used. 

A  verification  base  should  be  measured  and  connected  with  one  of 
the  last  triangles,  to  detect  any  errors  which  may  have  accumulated  in 
the  triangulation. 


PLOTTING  THE  WORK. 
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CHAPTER  IV. 

PLOTTING  THE  WORK. 

THE  SCALE - PLOTTING-  THE  PRINCIPAL  STATIONS - RUNNING  IN 

THE  SHORE  LINE - PLOTTING  IT - THE  TELEMETER. 

THE  SCALE  OF  THE  CHART. 

% 

36.  The  scale  of  the  chart  will  depend  upon  the  size  of  the  paper 
and  the  extent  of  the  survey.  Scales  are  usually  expressed  fraction¬ 
ally. 

1  1  1 

5,000  50,000  100,000  &c‘ 

Wishing  to  construct  a  scale  of  ^ay  011  eclge  of  the 
paper  a  line  one,  two,  or  any  number  of  metres  or  feet  in  length. 
Divide  each  metre  or  foot  into  fifty  equal  parts.  Each  foot  will 
represent  5000  feet,  and  each  subdivision  100  feet.  Lay  off  an  addi¬ 
tional  subdivision  (100  feet)  to  the  left  of  the  zero  of  the  scale,  and 
divide  it  into  five  or  ten  equal  parts,  and  upon  this  construct  a  rect¬ 
angle  and  draw  a  diagonal  scale. 

37.  The  angles  having  been  measured  at  the  different  stations,  and 
the  triangles  having  been  determined  upon,  the  sum  of  the  angles  at 
the  three  stations  is  taken,  which  (in  the  triangle  of  an  ordinary 
harbor  survey)  should  equal  180°.  Should  the  sum  not  equal  180°, 
and  should  equal  reliability  be  placed  upon  each  of  the  angles,  then 
one-third  of  the  difference  of  the  sum  and  180Q  should  be  added  to,  or 
subtracted  from,  each  of  the  angles. 

Now  having  the  angles  and  the  length  of  the  base  line  given,  find 
the  length  of  the  other  two  sides.  These  sides  may  now  be  used  as 
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the  given  sides  of  other  triangles,  but  whenever  it  is  possible  the 
triangles  should  be  formed  upon  the  base  line,  so  that  the  errors  may 
be  carried  through  the  work  as  little  as  possible. 

Before  plotting  the  stations  upon  the  chart  it  is  necessary  to  plot 
the  base  line  in  its  proper  direction  and  length. 

Draw  a  line  to  represent  the  meridian  (usually  drawn  parallel  to 
one  edge  of  the  paper),  and  from  any  point  on  it  lay  off  the  azimuth 
of  the  base  line  ;  draw  a  line  in  this  direction,  and  in  such  a  part  of 
the  paper  that  all  the  stations  may  be  plotted.  Take  from  the  scale 
the  length  of  the  base,  lay  it  off  on  the  line  which  has  been  drawn  as 
the  projection  of  the  base  line  produced,  and  the  extremities  of  the  por¬ 
tion  laid  off  will  be  the  base  stations. 

To  plot  the  other  stations  it  is  best  to  compute  the  sides  as  described, 
and  with  the  length  of  the  side  from  Base  (1)  to  A  taken  from  the 
scale  as  a  radius  and  Base  (1)  as  a  centre,  describe  an  arc ;  with  the 
length  of  the  side  from  Base  (2)  to  A  taken  from  the  scale  and  with 
Base  (2)  as  a  centre  describe  a  second  arc, — the  intersection  of  the 
two  is  the  position  of  the  station  A.  In  this  manner  all  the  stations 
may  be  plotted. 

This  is  more  accurate  than  by  laying  off  the  angles  from  Base  (1) 
and  Base  (2),  and  fixing  A  by  the  intersection  of  the  two  lines  Base 
(1)  A,  Base  (2)  A  ;  but  in  reconnoissances,  and  with  the  not  very 
precise  instruments  for  measuring  the  angles  with  which  surveyors 
are  sometimes  supplied,  the  points  will  probably  be  fixed  with 
sufficient  accuracy  by  intersection.  (It  will  be  seen  that  perfect 
rulers  and  protractors  are  necessary  in  this  method  particularly  if 
distances  are  considerable.)  Other  prominent  points  may  be  plotted 
upon  the  chart  by  “  cuts  ;  ”  measuring  at  two  or  more  principal 
stations  the  horizontal  angles  between  the  prominent  points  (which 
may  be  called  secondary  stations)  and  some  other  principal  station 
which  has  been  accurately  placed  upon  the  chart  by  the  computed 
lengths  of  the  sides  of  the  triangle  by  which  its  position  was  fixed. 
These  secondary  stations,  which  do  not  enter  at  all  into  the  main 
system  of  triangles,  are  chosen  entirely  with  reference  to  their 
topographical  or  hydrographical  importance.  In  this  work,  the 
minute  accuracy  necessary  for  the  determination  of  the  principal 
stations  is  not  required.  Fixing  several  secondary  stations  about  the 
shore  or  coast  in  this  way  affords  a  good  check  upon  the  coast  line 
between  the  principal  stations. 
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TO  RUN  IN  THE  SHORE  LINE  BETWEEN  TWO  PRINCIPAL 

STATIONS 

38.  This  may  be  accurately  done  in  the  following  manner,  using  a 
theodolite  and  a  surveyor’s  chain,  steel  tape,  or  a  line  carefully  marked 
and  compared  with  some  standard  measure.  Set  the  theodolite  up  at 
one  of  the  principal  stations,  place  the  zeros  in  coincidence,  clamp  the 
upper  plate  and  point  the  telescope  at  some  other  principal  station, 
which  should  be  so  chosen  that  lines  drawn  from  it  to  parts  of  the  line 
to  be  run  shall  not  make  too  acute  or  too  obtuse  an  angle  ;  clamp 
lower  plate.  Send  a  man  with  a  flag  along  the  line,  who  is  to  proceed 
as  far  as  the  contour  of  the  coast  or  the  character  of  the  country  will 
allow  it  to  run  without  changing  its  direction,  and  let  him  place  the 
flag  at  this  point  (a).  Turn  the  telescope  of  the  theodolite  to  bisect 
the  flag  pole  ;  clamp  upper  plate  and  note  the  reading.  The  meas¬ 
uring  party  now  move  along  the  line,  being  kept  in  it  by  the  ob¬ 
server  at  the  theodolite.  The  leading  chain-man  carries  in  his  hand 
ten  pins.  The  rear  chain-man  places  his  end  of  the  chain  at  the  cen¬ 
tre  of  the  station  started  from  and  the  leading  chain-man  stretches 
the  chain  taut  along  the  line,  and  sticks  a  pin  in  the  ground  at  the  end 
of  the  chain.  Both  chain-men  now  move  on  till  the  rear  man  comes 
up  to  the  pin  stuck  in  the  ground.  When  the  rear  end  of  the  chain 
is  brought  to  the  pin  and  the  chain  again  hauled  taut  in  the 
line  and  the  head  chain-man  sticks  a  second  pin  in  the  ground. 
The  rear  man  now  pulls  up  the  first  pin,  and  both  move  on. 
This  is  repeated  till  all  the  pins  have  been  stuck  by  head  chain- 
man  ;  when  the  rear  chain-man  pulls  up  the  tenth  pin  an  entry  is  made 
in  the  record  book  and  the  pins  are  sent  on  to  head  man.  At  every 
length  of  the  chain,  or  more  or  less  frequently,  according  to  the  nature 
of  the  coast  or  country,  offsets  are  measured  at  right  angles  to  the 
line,  to  the  water’s  edge,  or  the  hills,  or  any  prominent  landmark.  The 
distance  having  been  measured,  the  theodolite  is  moved  forward  to  the 
auxiliary  station  ( a )  marked  by  the  flag  pole,  and  is  set  up.  The 
lower  plate  is  unclamped  and  the  telescope  turned  toward  the  station 
just  left — the  lower  plate  is  then  clamped  and  the  telescope  transited, 
the  upper  plate  unclamped  and  the  telescope  pointed  in  the  new  direc¬ 
tion  of  the  line,  indicated  by  the  flagman  who  has  been  sent  on  to  the 
point  ( b )  where  the  line  again  changes  its  direction  :  the  reading  is 
then  noted.  The  chaining  party  proceeds  as  before,  and,  having 
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measured  this  second  distance,  the  theodolite  is  again  moved  forward  ; 
but  the  place  last  occupied  by  it  must  be  marked  by  a  flag,  or  some 
other  distinguishable  signal,  so  that  when  the  theodolite  is  set  up  at  a 
third  point  (c)  it  may  be  sighted  back  to  ( b ).  This  process  is  con¬ 
tinued  till  one  of  the  principal  or  secondary  stations  is  reached,  when 
this  station  becomes  the  origin  of  future  measurements. 

The  coast  line  is  then  plotted  upon  the  chart  in  the  following  man¬ 
ner:  (Fig.  A).  Draw  a  line  from  station  left  to  the  origin  of  angles. 
Lay  off  the  angles  which  the  different  portions  of  the  line  make  with  the 
line  drawn  from  station  left  to  origin.  Lay  off  in  the  first  direction  the 
first  distance  measured  and  mark  the  point  ( a ).  With  a  pair  of  parallel 
rulers  draw  a  line  passing  through  ( b )  parallel  to  the  second  direction 
of  the  line,  and  lay  off  the  distance  measured  between  (a)  and  ( b ) 
mark  this  point  ( b ),  and  so  on  till  all  points  are  plotted.  The  offsets 
are  laid  off,  in  their  proper  intervals,  at  right  angles  to  the  measured 
line,  and  a  free  hand  line  is  drawn  through  the  ends  of  the  offsets 
which  will  represent  the  shore  line  ;  or  if  offsets  have  also  been 
measured  back  to  the  hills,  it  will  give  their  contour. 

In  the  figure  the  principal  station  started  from  is  F,  and  the  station 
chosen  as  the  origin  of  angles  is  A.  The  field  notes  may  be  kept  as 
in  (Fig.  B). 

By  this  method  of  running  in 
and  plotting  the  coast  line  it  will 
be  noticed  that  all  angles  are  laid 
off  at  the  same  point  and  from 
the  same  origin ;  consequently 
the  only  error  that  will  enter  in 
the  plotting  will  be  in  the  lengths 
of  the  measured  lines  (siipj^osing 
the  angles  to  have  been  correctly 
measured),  for  the  directions  of 
the  lines  will  be  same  as  they  are 
in  reality.  It  will  be .  seen  that 
less  error  is  accumulated  by  this 
method  than  by  the  others  here¬ 
after  described. 

It  will  be  found  that  wharves 
and  streets  may  be  put  in  in  this 
manner  very  accurately. 


Fig.  A. 
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39.  To  run  the  shore  line  in  with  Bureau  of  Navigation  pattern  of 
theodolite  or  sextant. 

The  theodolite  furnished  by  the  Bureau  of  Navigation  has  but  one 
horizontal  plate  which  is  capable  of  motion  around  a  vertical  axis  ; 
consequently  it  is  impossible  to  repeat  angles,  and  it  is  also  impossible 
to  run  in  a  shore  line  by  the  method  (using  back  angles)  before  de¬ 
scribed.  To  accomplish  the  desired  result 
with  this  instrument,  set  it  up  over  the  prin¬ 
cipal  station  to  be  started  from,  and  having 
adjusted  the  instrument  turn  to  one  of  the 
other  principal  stations,  which  lies  in  a  direc¬ 
tion  as  near  90°  as  possible  from  the  direction 
of  line  to  be  run,  and  note  the  reading  of  the 
zero.  Having  sent  a  flagman  ahead,  as  far 
as  the  contour  of  the  coast  or  the  nature  of 
the  land  will  allow,  unclamp  the  plate  and 
turn  the  telescope  so  that  its  cross-wires 
bisect  the  flagman’s  signal,  and  note  the 
reading. 

The  measuring  party  now  proceed  to 
measure  the  distance  between  the  principal 
station  and  the  subsidiary  station  ( a ),  as 
before  described,  being  kept  in  line  by  an 
observer  at  theodolite.  This  done  the  theo¬ 
dolite  is  removed  and  (the  signal  having 
been  replaced)  is  taken  to  the  subsidiary 
station  occupied  by  flagman,  who  now 
moves  ahead  to  the  next  turn  of  the  coast 
( b ).  The  theodolite  is  to  be  set  up  at  (a), 
and  the  telescope  is  turned  to  one  of  the 
principal  stations,  not  necessarily  the  same  one  as  before  observed ;  the 
angle  between  this  station  and  the  new  direction  of  the  line  observed, 
and  the  distance  between  (a)  and  ( b )  measured.  Thus  proceed  until 
the  other  principal  station  is  reached. 

The  method  of  plotting  this  work  is  of  course  different  from  that 
employed  in  the  first  method  described ;  and  it  will  be  seen  that  in 
using  this  method  an  error  in  any  measured  distance  will  affect  the 
result  much  more  than  the  same  error  would  by  the  first. 

The  work  is  plotted  in  this  way.  Suppose  the  start  to  be  made  at 
station  C.  The  angle  the  first  direction  of  the  line  makes  with  a 
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line  from  C  to  D  is  100°  ;  its  length  is  1200 
feet.  The  angle  that  the  second  direction 
of  line  makes  with  a  line  drawn  from  (a)  to 
E  is  120°  ;  its  length  900  ft.  The  third  direc¬ 
tion,  from  (b)  to  station  B,  makes  an  angle  of 
80°  with  a  line  from  ( b )  to  F,  its  length  1000 
ft.  At  C  lay  off  a  line  making  angle  of 
100°  with  C  D,  and  on  the  line  mark  off  1200 
ft.  according  to  scale  ;  this  will  give  (a).  At 

( a )  lay  off  a  line  making  an  angle  of  120°  with 
the  line  (a)  E,  and  mark  off  the  distance  as 
before.  So  proceed  till  station  B  is  reached. 

If  the  end  of  the  line  (6)  B  falls  upon  B  the 
work  is  correct. 

But  it  will  be  seen  that  should  the  dis¬ 
tance  from  C  to  ( a )  be  in  error,  that  not 
only  will  the  position  (a)  be  in  error,  but 
the  plotted  direction  of  the  line  from  (a)  to 

(b)  will  also  be  in  error. 

The  figure  will  also  serve  as  a  model  for  keeping  the  field  notes. 
There  are,  however,  no  offsets  shown  in  it. 

See  plate  IX.  in  reference  to  scale,  triangulations  and  plotting  of 
shore  line. 


The  Telemeter. 

40.  In  consequence  of  some  of  the  disadvantages  resulting  from 
the  employment  of  the  chain  (or  measured  lines),  among  which  are 
the  necessity  of  dependence  for  correct  distance  upon  the  chain-men, 
the  number  of  persons  required,  the  time  consumed,  and  the  obstacles 
to  its  use  in  some  parts  of  the  coast  line  or  country,  an  instrument 
called  the  telemeter  may  be  used.  Experience  has  shown  that  dis¬ 
tances  measured  by  it  have  been  exceedingly  correct. 

The  telemeter,  as  used  by  the  Coast  Survey,  is  simply  a  scale  of 
equal  parts  painted  upon  a  wooden  plank  about  10  feet  long,  5 
inches  wide,  and  1^  inches  thick ;  so  graduated  and  marked  that  the 
number  of  divisions  upon  it  as  seen  between  the  upper  and  lower 
wires  (horizontal)  of  the  telescope  of  a  theodolite  or  plane  table  is 
equal  to  the  number  of  units  in  the  distance  between  the  observer’s 
eye  and  telemeter  held  at  right  angles  to  the  line  of  sight.  In  all 
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cases  the  telemeter  should  be  graduated  experimentally  for  the  par¬ 
ticular  telescope  and  eye  of  the  observer  who  is  to  use  it.  Although 
the  telemeter  is  intended  for  use  in  connection  with  the  plane  table, 
it  can  be  also  used  with  the  theodolite  by  placing  an  additional  hori¬ 
zontal  wire  in  the  diaphragm  plate.  The  following  is 
from  the  C.  S.  Report  of  1865  : 

The  horizontal  wires  in  the  diaphragm  of  the  telescope 
should  be  accurately  adjusted,  and  the  divisions  of  the 
telemeter  made  to  correspond  in  length  with  the  distance 
included  between  the  upper  and  lower  wires  of  the  tele¬ 
scope  at  a  carefully  measured  distance,  and  then  divided 
into  as  many  equal  parts  as  there  are  units  in  the  dis¬ 
tance  measured. 

For  convenience  of  transportation  it  can  be  hinged  in 
the  middle,  and  secured  on  the  side  when  in  use  by  a  slid¬ 
ing  bolt ;  and  as  it  is  necessary,  when  observed  upon, 
that  it  should  be  held  accurately  at  right  angles  to  the 
line  of  sight,  a  small  brass  movable  bar,  with  sights  or 
a  groove  upon  its  upper  edge,  should  be  fixed  upon  the 
side  of  the  rod  at  a  convenient  height  for  the  eye  of  the 
rodman,  and  which,  when  in  position,  will  be  perpendicu¬ 
lar  to  the  plane  of  the  telemeter  and  directly  in  the  line 
of  sight  of  the  telescope. 

The  correctness  of  the  telemeter  depends  upon  the 
closeness  of  the  reading,  and  the  accuracy  with  which  the 
rod  is  held  perpendicularly  to  the  line  of  sight. 

With  ordinary  care  an  error  of  reading  should  not 
occur  even  at  the  greatest  distance  denoted  on  the  rod. 

With  the  observations  carefully  made,  and  the  reading  of 
the  rod  reduced  to  a  horizontal  plane,  the  greatest  dis¬ 
tance  given  by  it — as  usually  divided — can  be  relied  on 
as  practically  correct.  There  is  no  sensible  error  at  any 
distance  greater  than  20  meters  and  less  than  260,  and, 
generally  speaking,  the  telescopes  of  the  Coast  Survey 
alidades  have  not  sufficient  reading  power  beyond  400 
meters,  but  it  will  generally  be  safe  to  rely  upon  it  for 
any  distance  from  15  to  300  meters,  beyond  which  it  cannot  be  read 
with  accuracy  for  use  in  constructing  a  map  on  a  scale  of  to  o  o  o* 

The  telemeter  has  been  recommended  for  use  in  a  great  variety  of 
cases  where  it  becomes  necessary  to  determine  distances,  in  such 
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close  filling  in  as  the  corners  of  streets,  wharves,  &c.,  determination 
of  all  classes  of  detail,  in  traverses,  shore  lines,  and  even  the  establish¬ 
ment  of  positions ;  but  in  the  latter  it  is  safe  only  to  depend  upon 
good  intersections.  It  has  been  employed,  however,  in  all  manner  of 
detail,  and  is  preferred  by  some  to  the  chain  in  all  cases  save  in  com¬ 
pactly  built  streets  and  on  long  lines,  where  the  distances  are  so  great 
that  the  telescope  will  not  admit  of  the  accurate  reading  of  the  rod  ; 
it  is  maintained  by  some  that  where  only  a  single  point  is  to  be  seen 
positions  can  be  readily  and  accurately  determined. 

For  the  reduction  of  the  hypothenuse  to  the  base,  the  following 
table  is  given  : 

TABLE  FOR  REDUCTION  OF  HYPOTHENUSE  TO  BASE. 


Hypothenuse. 

100  meters. 

200  meters. 

300  meters. 

400  meters. 

500  meters. 

- 

5° 

99.62 

199.24 

298.86 

398.48 

498.10 

10° 

98.48 

196.96 

295.44 

393  92 

492.40 

15° 

96.59 

193.19 

289.78 

386.37 

482.96 

20° 

93.97 

187.94 

281.91 

375.88 

469.85 

25° 

90.63 

181.26 

271.89 

362.52 

453.15 

30° 

86.60 

173.21 

259.81 

346.41 

433.01 

35° 

81.92 

163.83 

245.75 

327.66 

409.58 

40° 

76.60 

153.21 

229.81 

306  42 

383.02 

45° 

Li _ 

70.71 

141.42 

212.13 

282.84 

353.55 
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CHAPTER  Y. 

DETERMINATION  OF  HEIGHTS. 

MEASUREMENT  OF  SMALL  ALTITUDES  AND  DEPRESSIONS - MEASURE¬ 
MENT  OF  SLOPES  WITH  SEXTANT  AND  ARTIFICIAL  HORIZON - 

DETERMINATION  OF  HEIGHTS. 

41.  To  measure  very  small  altitudes  or  depressions  with  the  sextant 
and  artificial  horizon. 

When  the  object  has  a  considerable  altitude  it  is  measured  in  the 
same  manner  as  in  measuring  the  altitude  of  a  heavenly  body  with  the 
same  instruments.  But  when  the  altitude  is  small  this  becomes  ex¬ 
ceedingly  inconvenient  and  difficult.  The  following  method  may  be 
employed  for  determining  small  altitudes  or  depressions. 

Stretch  a  string  over  the  artificial  horizon. 

Place  the  eye  so  that  the  string  will  cover 
its  own  image  in  the  mercury.  The  eye  and 
string  are  consequently  in  the  same  plane. 

Then,  seeing  the  string  by  direct  vision, 
cause  the  reflection  of  the  object,  whose  alti-  e 
tude  or  depression  is  to  be  measured,  to  coin¬ 
cide  with  the  string.  The  angle  measured 
is  O  E  N,  the  supplement  of  the  object’s 
zenith  distance,  which,  if  greater  than  90°, 
will  give  the  object’s  altitude  ;  if  less,  its  depression. 

42.  To  measure  slopes  with  the  sextant  and  artificial  horizon. 

Let  A  G  be  a  horizontal  line  ;  and  A  B  the  surface  or  line  whose 
slope  is  required.  Mark  two  points  equally  distant  from  the  place  of 
observation,  and  on  the  line  A  B.  Measure,  by  the  method  described 
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in  the  preceding  article,  the  angles  a  and  a'.  Then  half  the  difference 
between  these  two  angles  will  be  the  inclination  of  A  B  to  the  horizon. 


For  the  triangles  A  F  E  and  C  F  D  are  similar,  being  right  angled 
with  their  acute  angles  at  F  equal. 

Consequently 

D  CF  =  DAE.  But 

DCF*i(a+  a')-a=i(  a'-a)  = 
angle  of  inclination  of  A  B  to  A  G,  the  horizon. 

If  the  points  A  and  B  are  not  equally  distant  from  the  observer, 
but  yet  far  apart,  this  method  will  still  give  a  close  approximation,  the 
error,  which  is  additive,  being  -J  (O'-  6),  D  not  being  in  middle 
point  of  A  B  the  triangle  is  no  longer  isosceles,  but 

180°  -  (a'  -  D  C  F)  =  90°  +  O' 

.'.  DCF=  -  90°  +  a!  +  O' 

180°  -  (a  +  D  CF)  =  90 °  +  0 

.-.  DCF  =  90° -a-0 

.-.  DCF  =  l(a'-«)  +  i(6>'-  0) 

DETERMINATION  OF  HEIGHTS. 

43.  While  measuring  a  round  of  angles  the  altitude  of  prominent 
heights  should  be  observed  as  well  as  their  horizontal  angular  distance 
from  other  points  of  the  triangulation.  This  may  be  easily  done 
with  a  theodolite  fitted  with  a  vertical  or  altitude  circle ;  but  should 
the  theodolite  have  no  such  arrangement,  or  should  the  sextant  be 
the  instrument  used  for  the  measurement  of  the  horizontal  angles, 
then  the  altitudes  must  be  measured  with  the  sextant  and  artificial 
horizon. 
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'When  the  triangles  are  computed,  the  distance  between  the  station 
at  which  the  altitude  is  measured  and  the  object  itself  is  found ;  or  if 
its  position  has  been  fixed  by  cuts,  then  the  distance  may  be  measured 
upon  the  chart. 

Knowing  the  distance  of  the  object  and  the  angle  which  its  height 
subtends,  we  can  find  the  height  by  the  solution  of  a  plane  right 
angled  triangle. 

But  when  the  distance  is  at  all  considerable  it  becomes  necessary  to 
take  into  consideration  the  figure  of  the  earth,  and  consequently  to 
apply  a  correction  to  the  computed  height.  Considering  the  figure  to 
be  that  of  a  sphere  (which  will  create  an  inappreciable  error),  points 
that  are  on  the  same  actual  level  are  not  on  the  same  apparent  level, 
owing  to  the  curvature  of  the  surface. 

44.  Let  the  figure  (which  is  of  course 
very  much  distorted)  represent  a  section 
of  the  earth.  A,  the  point  at  which 
observer  is  stationed ;  B',  a  point  of 
which  the  vertical  height  above  B  is  re¬ 
quired.  HAB'  is  the  altitude  of  B'  as 
seen  from  A.  The  triangle  AHB'  dif¬ 
fers  but  little  from  a  right-angled  tri¬ 
angle,  and  the  error  in  B'H,  from  con¬ 
sidering  it  such,  will  not  be  appreciable. 

But  it  is  evident  that  to  find  the  true 
height  above  B,  it  is  necessary  to  add 
the  correction  BIT,  and  this  is  called  the 
correction  for  curvature. 

Let  k  =  AH,  known  from  computation  or  by  measurement  from 
chart.  It  is  in  reality  the  arc  AB,  but,  being  small,  it  will  not 
differ  sensibly  from  its  tangent  AH  ; 

r  —  mean  radius  of  earth  ; 
x  —  correction  for  curvature. 


Since  C  A  II  is  a  right-angled  triangle 

( x  -f  r)2  =  r2  +  F 

F  F 

— -f  x=  — 

2  r  2  r 


(i) 
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X*  9  m 

but  _  will  be  so  small  a  fraction  that  it 

2r 

may  be  neglected  ;  at  a  distance  of  24.3  statute  miles  x  is  about 
300  ft. 

=  ^  ft.  (about.)  (2) 

These  values  for  x  are  here  tabulated. 

Difference  in  Feet  between  the  Apparent  and  True  Level. 


g 

55* 

pf 

P 

P 

o 

o 

Difference  in  feet  for — 

Ul 

P 

M 

Difference  in  feet  for — 

Curvature 

O 

s° 

Curva  ure 

b 

5T 

yi 

Curvature. 

Refraction. 

and  re¬ 
fraction  . 

B 

•• 

a? 

00 

Curvature. 

Refraction. 

and  e- 
fraction . 

l 

0.7 

0.1 

0.6 

13 

112.8 

16.9 

95.9 

2 

2.7 

0.4 

2.3 

14 

130.8 

19.6 

111.2 

3 

6.0 

0.9 

5.1 

15 

150.2 

22.5 

127.7 

4 

10.6 

1.6 

9.0 

16 

170.8 

25.6 

145.2 

5 

16.7 

2.6 

14.2 

17 

192.9 

28.9 

[$164.0 

6 

24.0 

3.6 

20.4 

18 

216.2 

32.4 

183.8 

7 

32.7 

4.9 

27.8 

19 

240.9 

36.1 

204.8 

8 

42.7 

6.4 

36.3 

20 

266.9 

40.0 

226.9 

9 

64.1 

8.1 

44.0 

21 

294.3 

44.1 

250.2 

10 

66.7 

10.0 

56.7 

22 

323.0 

48.4 

274.6 

11 

80.7 

12.1 

68.6 

23 

353.0 

52.9 

300.1 

12 

96.1 

14.4 

81.7 

24 

384.4 

57.7 

326.7 

Curvature  square  of  distance 

mean  diameter  of  earth 

log.  x  —  log.  square  of  distance-in  feet — 7.6209147 
ja 

Refraction  =  —  m ,  where  k  represents  the  distance,  R  the 

Hi 

mean  radius  of  the  earth,  and  m  the  co-efficient  of  refraction. 


Curvature  and  refraction  =  (1- 

Or,  calling  h  the  height  in  feet,  and  k  the  distance  in  statute  miles,  at 
which  a  line  from  the  height  h  touches  the  horizon,  taking  into 
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account  terrestrial  refraction,  assumed  to  be  of  the  same  value  as  in 
the  above  table,  (.075,)  we  have 


k 


10  Wh 


7.53 


h  = 


10 

17.63 


¥ 


The  same  result  may  be  arrived  at  by  another  method.  Instead  of 
finding  the  correction  to  be  applied  to  the  computed  height,  find  the 
correction  to  be  applied  to  the  measured  altitude.  As  the  measured 
altitude  is  necessarily  too  small,  this  correction  is,  under  the  ordinary 
state  of  the  atmosphere,  additive. 

This  correction  is  the  angle  HAB  ==  ±  ACB.  (Book  II.,  Chau- 
venet’s  Geom.) 

Taking  the  length  of  the  arc  of  1'  as  6086  feet. 

Then  for  any  arc  h  (the  distance)  the  correction 

h 

HAB  is  as  i  6086  = 

0.0001643  x  2-&  =  0.0000821&  expressed  in  minutes  ;  (3) 

expressed  in  logs.,  5.91434  +  log.  h 
and  the  height  of  BB'  =  tan  (B'A  H  +  cor)  k  (4) 

In  addition  to  this  correction  for  curvature,  there  is  also  a  correc¬ 
tion  for  atmospheric  refraction.  The  rays  of  light  which  pass  from 
any  distant  object  on  the  earth’s  surface  suffer  a  change  of  direction, 
which  is  called  “  Terrestrial  Refraction,”  by  which  the  object  appears 
higher  than  its  true  position. 

This  effect  has  been  determined  to  be 
variable,  but  under  the  average  state  of 
the  atmosphere  of  the  sea  shore  it  varies 
between  .074  and  *078.  That  is,  the  alti¬ 
tude  of  the  object  will  appear  between 
*074  and  *078  (about  -^3)  of  the  inter¬ 
cepted  arc,  or  distance  in  sea  miles,  greater 
than  it  really  is.  Thus  an  object  13  miles 
distant  will  be  raised  1'  in  altitude  by  ter¬ 
restrial  refraction.  The  amount  of  the 
correction  then  depends  upon  the  distance 
of  the  object,  as  can  be  seen  from  the 
figure ;  the  object  being  seen  in  a  line 
tangent  to  the  curved  ray. 

The  “  correction  for  refraction  ”  may  be  made  in  this  way.  From 
the  measured  altitude  of  object,  B"AH,  subtract  -fa  of  the  distance  in 
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sea  miles  (considered  as  minutes  of  arc).  Then  find  from  the  right 
angled  triangle  the  height  B'H,  using  the  corrected  angle  B'AH. 
This  will  give  the  height  corrected  for  refraction.  To  this  add  the 
correction  for  curvature,  and  the  result  will  give  the  height  of  the 
object  above  the  true  level  of  the  observer. 

It  will  be  found  that  the  “correction  for  refraction”  by  this  method 
will  agree  very  closely  with  the  corrections  tabulated  together  with 
the  “corrections  for  curvature”  on  page  54.  For  instance,  if  the 
measured  altitude  of  an  object  is  2°,  distant  5  sea  miles,  we  have 

2°  log.  tan  8.54308 
k  =  30430  ft.  log.  4.48330 


Height  uncorrected  for  refraction  =  1062.62  log.  3.02668 
Subtracting  ^  of  5'  =  23"  from  2°  we  have 

1°  59'  37"  log.  tan.  8.54170 
k  =  30430  ft.  log.  4.48330 


Height  corrected  for  refraction  by  method  described  = 

1059.25  log.  3.02500 

Correction  for  Refraction,  as  taken  from  Coast  Survey  formula 
page  54  .......  3.36  ft. 


a  ,( 

heights 


by  taking  difference  of  the  above  computed 
. 3.37  ft. 


The  correction  for  curvature  computed  by  the  formula 


2R  22,165 


So  that  the  correction  for  curvature  and  refraction  =  18.80  ft.,  and 
the  true  height  of  the  object  =  1081.42  ft. 

P 

The  formula  -p-  *  m  may  be  thus  deduced.  By  reference  to 

“  Coffin’s  Navigation,”  Articles  47,  48,  it  is  shown  that  the  atmos¬ 
pheric  refraction  decreases  the  true  dip  by  *074  of  itself.  The 
true  dip  of  the  horizon  is  its  distance  in  sea  miles  from  the 
observer.  From  which  we  learn  that  the  atmospheric  refraction 
increases  the  true  altitude  of  the  horizon  or  any  other  object  by  .074 
(or  taking  the  mean  co-efficient  of  refraction  .076,  which  we  will 
hereafter  use)  of  its  distance  in  sea  miles. 

In  the  fig.  B"B'  is  the  correction  for  refraction  expressed  in  feet. 
k  —  AH  =  AB  ==  AB',  (nearly)  =AB"  in  feet. 

then  k  expressed  in  seconds  of  arc  = 


R  sin  1 
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r  hr 
0  1 


and  the  correction  of  refraction  expressed  in  arc  — 

k 

x  .0/6 


R  sin  1" 


.  B'B 


'Tiff  — 


h  h- 

if—i  i ,,  X  .076  x  AB'  sin  1"  = 

K  sin  1  R 


0-) 

x  .07G  (2.) 


feet) 


To  put  this  in  a  general  form,  the  correction  for  refraction  (in 

F 


R 


X  m  in  which  m  is  co-efficient  of  refraction. 


46.  To  find  the  height  of  an  object,  its  distance  being  known,  and 
its  altitude  being  measured  above  the  sea  horizon. 

From  the  measured  altitude  subtract  the  dip  as  taken  from 
the  dip-tables  (corrected  for  refraction),  this  will  give  the  apparent 
altitude  above  the  true  horizon  of  the  observer.  From  this  altitude 
subtract  .076  (or  Tlg)  of  the  distance  of  the  object  in  sea  miles.  Com¬ 
pute  the  height  of  the  object  by  the  formula,  height  =  h  tan. alt., 
this  will  give  height  uncorrected  for  -curvature,  but  corrected  for 
terrestrial  refraction,  compute  the  correction  for  curvature,  which  add 
to  the  height  already  found,  and  this  will  give  the  true  height  of  the 
object. 

As  the  co-efficient  of  refraction  varies  so  greatly,  it  will  be  seen 
that  observations  for  the  determination  of  heights  by  the  methods 
described  should  only  be  made  when  the  atmosphere  is  at  its  normal 
condition. 

When  the  water  is  warmer  than  the  air,  the  dip  is  greater  than  its 
tabulated  value  ;  when  the  water  is  colder  than  the  air,  the  dip  less 
than  its  tabulated  value. 

Prof.  Chauvenet  (vol.  1,  p.  176,  Astron.)  has  deduced  the  following 
formula. 

D'  =  D  —  24021" 

D 

in  which  t  —  temperature  of  the  air. 

tQ  —  “  “  “  water. 


D  being  true  dip  in  seconds. 

47.  To  find  the  distance  of  an  object  whose  true  height  and  mea- 

4 

sured  altitude  above  the  sea  horizon  are  known. 

Estimate  the  distance.  Subtract  the  dip,  as  found  in  the  tables, 
from  the  measured  altitude,  and  from  this  subtract-^  of  the  estimated 
distance.  This  will  <nve  the  altitude  abL.  v_.  h  o’  server’s  true  horizon 
and  corrected  for  terrestrial  refraction.  Then  compute  the  correction 
for  curvature,  which  subtract  from  the  true  height.  With  this  cor- 
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rected  height  and  corrected  altitude  compute  the  distance  from  k  = 
cor.  height  X  cot.  cor.  altitude. 

If  lc  as  computed,  differs  much  from  the  estimated  distance,  it  is 
necessary  to  approximate  again,  by  using  the  first  computed  distance 
as  the  estimated  distance  in  the  second  approximation.  By  successive 
approximations  a  correct  result  is  arrived  at. 

48.  To  find  the  height  of  an  object  the  altitude  of  which  is  mea¬ 
sured  above  a  shore  horizon. 

Prof.  Chauvenet,  in  his  Astronomy,  vol.  1,  art.  126,  gives  as  the 
expression  for  the  “  apparent  depression  (true  dip  corrected  for  ter¬ 
restrial  refraction)  of  any  point  of  the  surface  of  the  water  nearer  than 
the  visible  horizon.” 

Dip  =  22".  14  d  +  39". 07  X  (x  being  in  feet,  d  in  statute  miles.) 

d 

or 

Dip  =  25". 65  d  +  33". 73  ~  (x  being  in  feet,  d  in  sea  miles.) 

# 

Hence  to  find  the  height,  subtract  from  the  measured  altitude  the 
dip  computed  by  the  formulae  just  given,  as  well  as  the  correction  for 
terrestrial  refraction  due  to  the  distance  of  the  object.  Then  from 
this  corrected  altitude  find  the  height  by  formula. 

height  =  k  tan.  cor.  alt. 

To  show  how  the  formulae  given  above  are 
deduced,  let  T  be  the  point  the  dip  of  which  is 
required,  and  A  the  position  of  the  observer. 
Let  TA'  be  a  ray  of  light  from  T,  tangent  to  the 
earth’s  surface  at  T,  meeting  the  vertical  line  of  the  observer  at  A'. 

Put  D  the  dip  of  T  as  seen  from  A. 

d  =  the  distance  of  T  in  statute  miles. 
x  —  the  heisrht  of  observer’s  eye  in  feet  =  AB. 

*'=  A'  B. 

We  have  from  a  previous  formula  deduced  in  the  same  treatise 
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and  the  dip  of  T  as  seen  from  A'  is,  according  to  another  previously 
deduced  formula, 


=  58". 82  y/  x'  (2) 

both  of  which  are  nearly  identical  with  formuhe  53  and  57  Coffin’s 
Navigation. 


58''. 82^  x'  =  44". 66  d 

Now  supposing  that  TA,  TA'  to  be  drawn,  the  dip  of  T  at  A  exceeds 
that  at  A'  by  the  angle  ATA'  very  nearly  ;  and  we  have  nearly 


ATA'=  AA1  x 


X 


X 


TA'  sin  1 


rr 


5280  d  sin  1 


rr 


whence  D  =  44". 6 6  d  -f 


x  —  x 


5280  d  sin  1 


rr 


substituting  the  value  x'  in  terms  of  d 


D  =  44".  6  6  d  + 


x 


rr 


d2 


tr 


5280  d  sin  1 


// 


(1.317)2  X  5280  d  sin" 


since  1"  =  .00000485 


D  =  44".66  d  +  -  +39".07  —  22".52  d 

ct 

=  22".14  d  +  39".07  - 

d 


69  jl 

If  d  is  given  in  sea  miles  by  exchanging  d  for  d 


D  =  25".G5  d  +  33".73- 

a 


(O) 
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CHAPTER  VI. 

HYDROGRAPHICAL  SURVEYING. 

HYDROGRAPHICAL  SURVEYING - PLAN  OF  SOUNDINGS  - COAST  SUR¬ 
VEY  METHODS  -  DETERMINATION  OF  POSITIONS  -  THREE  POINT 

PROBLEM - RUNNING  LINES  OF  SOUNDINGS - PLOTTING  SOUND¬ 
INGS  - REDUCTION  OF  SOUNDINGS. 

49.  Hydrographical  Surveying  comprehends  the  determina¬ 
tion  and  delineation  upon  a  plane  surface,  of  the  areas  and  depths  of 
bodies  of  water,  of  the  form  and  character  of  the  bottom,  and  of  the 
figure  and  position  of  the  adjacent  shores  and  outlying  rocks  or  shoals, 
and  the  representation  of  natural  or  artificial  marks  which  serve  as 
aids  to  navigation.  It  also  includes  the  observation  and  reduction  of 
tides  and  currents,  the  investigation  of  which  is  also  styled  Physical 
Hydrography.  A  Nautical  Survey  properly  comprises  both  the  Topo¬ 
graphy  and  Hydrography  of  a  coast  or  harbor. 

PLAN  'of  SOUNDINGS. 

50.  In  a  detailed  survey  of  a  harbor,  the  hydrographic  work  will 
be  simplified,  and  made  more  complete  and  symmetrical,  by  the 
adoption  of  a  plan  of  sounding  lines,  prior  to  the  commencement  of 
the  work.  The  selection  of  the  plan  falls  upon  the  officer  in  charge 
of  the  survey,  and  is  determined  by  the  degree  of  accuracy  required, 
the  time  which  may  be  given  to  the  work,  the  number  of  observers,  the 
facilities  at  hand,  and  the  conditions  of  winds,  weather,  and  currents. 
The  last  named  considerations  may  also  influence  the  determination 
of  the  direction  of  the  lines,  with  a  view  to  the  economy  of  time 


t 


HYDROGRAPHICAL  SURVEYING.  61 

and  labor.  Indeed,  all  plans  will  be  modified  by  the  peculiarities 
incident  to  the  survey,  and,  frequently,  a  combination  of  two  or  more 
methods  will  best  secure  the  objects  in  view.  It  is  not  only  neces¬ 
sary  to  designate  upon  a  chart  the  exact  positions  and  magnitudes  of 
dangers,  but  also  to  indicate  the  undulations  and  character  of  the 
bottom,  which  frequently  enable  the  navigator,  by  casts  of  the  lead, 
to  recognize  his  position,  or  the  course  he  is  making,  and  which  are 
often  at  night  the  only  guides  to  an  anchorage.  The  direction  of 
the  lines  being  determined  with  reference  to  the  wind,  weather,  and 
currents,  the  number  of  lines  necessary  will  generally  increase  with 
the  slope  and  irregularity  of  the  bottom. 

COAST  SURVEY  METHODS. 

51.  The  following  systems  for  running  lines  of  soundings  are  used  in 
the  hydrographic  work  of  the  United  States  Coast  Survey. 

System  a  comprises  a  set  of  lines  normal  to  a  coast,  direction  of  a 
stream,  or  line  of  shoal,  at  such  distances  apart  as  the  locality  may 
require.  This  system  furnishes  no  means  by  which  the  positions  of 
the  soundings  can  be  verified.  Fig.  1,  Plate  III. 

System  b  is  composed  of  a  set  of  lines  as  in  system  a  with  another 
set  at  right  angles  to  them  ;  the  first  giving  the  longitudinal  slope  and 
irregularities,  and  the  second  giving  cross-sections.  Fig.  2,  Plate  III. 
This  method  cuts  the  field  of  work  into  rectangles,  and  the  intersec¬ 
tions  of  the  lines  provide  checks  of  the  accuracy  of  the  soundings.  It 
will  generally  give  all  the  results  required  for  navigation  or  nautical 
purposes. 

System  c.  Double  lines,  running  each  at  an  angle  of  60°  to  the 

4'  o  o 

line  of  the  coast,  or  30c*  to  the  general  direction  of  the  river,  or  bay, 
and  making  angles  of  G0°  or  120J  with  each  other,  with  another  system, 
parallel  to  the  coast,  or  normal  to  the  direction  of  the  river,  or  bay, 
crossing  the  first  system  of  lines  at  their  intersections,  so  that  each  of 
the  angles  at  the  point  of  intersection  would  be  equal  to  60°  ;  all  the 
triangles  thus  formed  by  the  intersecting  lines  being  equilateral  tri¬ 
angles.  Fig.  0,  Plate  III. 

This  system  will  give  the  best  results  with  the  fewest  lines,  and  has 
been  successfully  used.  The  soundings  are  verified  by  the  intersec¬ 
tions  of  three  lines. 

System  d  contemplates  the  use  of  system  b  with  another  similar 
system  at  an  angle  of  45°  ;  the  two  systems  having  common  points 
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of  intersection.  Fig.  4,  Plate  III.  The  space  is  thus  divided  into 
right-angled  triangles,  the  soundings  being  checked  by  the  intersections 
of  two  lines  and  of  four  lines.  This  system  is  suitable  for  minufe 
work  with  large  plans. 

In  making  a  reconnoissance,  or  in  a  rough  survey  of  an  unimportant 
waterway,  zigzaging  may  be  resorted  to  in  order  to  save  time  ;  but, 
even  in  this  case,  the  alternate  courses  should  be  normal  to  the -stream 
in  order  to  furnish  cross-sections. 

The  entrance  of  a  harbor  should  also  be  sounded  by  lines  run  upon 
the  ranges,  in  order  to  discover  any  obstruction  in  the  fair-way. 

Dangers,  rocks,  sunken  wrecks,  or  other  abrupt  obstructions,  and 
prominent  irregularities,  should  be  specially  examined,  apart  from  the 
usual  lines  of  soundings.  Alluvial  shoals  may  be  developed  in  con¬ 
nection  with  the  general  system. 

52.  The  officers  charged  with  the  work  of  sounding  should  be  fully 

% 

informed  as  to  the  system  selected  and  the  degree  of  detail  and  ac¬ 
curacy  it  is  designed  to  secure.  Each  officer  should  be  furnished  with 
a  plot  or  tracing  of  the  harbor,  upon  which  all  the  principal  stations 
of  the  triangulation  appear ;  and  it  will  be  found  useful  to  have  the 
jfiot  mounted,  and  the  means  at  hand  of  fixing  upon  it  the  important 
points  of  the  lines.  It  will  be  convenient  to  have  the  watches  set  to 
that  of  the  observer  of  tides.  The  harbor  being  duly  apportioned 
among  the  officers,  the  soundings  will  be  obtained  without  loss  of 
time  or  labor,  and  without  serious  omissions. 

FIXING  THE  POSITIONS  OF  SOUNDINGS. 

53.  When  there  is  a  sufficient  number  of  observers,  the  observations 
for  fixing  the  positions  of  the  sounding  boat  may  be  made  on  shore. 
Two  observers  are  placed  at  stations  of  the  survey,  or  at  the  extrem¬ 
ities  of  any  line  of  the  triangulation,  and,  upon  signal  being  made 
from  the  boat,  the  observers  take  angles  simultaneously  upon  the  boat 
by.  sextant,  theodolite,  or  plane  table.  The  times  of  observation 
should  be  noted  opposite  the  angles  by  watches  compared  before  and  * 
after  the  observations  with  the  watch  of  the  the  boat  officer.  This 
method  is  rapid,  and  gives  results  which  are  entirely  reliable. 

54.  Usually  the  position  of  the  boat  is  determined  by  sextant  angles 
taken  in  the  boat  upon  three  points  of  the  triangulation,  according  to 
the  well  known  three  point  problem ,  which  is  enunciated  as  follows  : 
In  a  given  plane  triangle ,  a  b  c,  to  Jind  a  point ,  o,  such  that  the  three  lines 
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drawn  from  this  'point  to  the  points  a,  h,  and  c,  shall  make  given  angles 
with  each  other.  The  general  solution  of  the  problem  is  given  in 
Chauvenet’s  Plane  Trigonometry,  page  82. 

In  the  application  of  this  problem  to  the  use  of  hydrographic  sur¬ 
veying,  the  selection  of  the  stations  to  be  observed  requires  some  skill 
and  a  knowledge  of  the  principles  involved.  A  consideration  of  the 
positions  which  the  observer  may  occupy  with  reference  to  the  angles 
of  the  triangle  will  facilitate  the  practical  employment  of  the  problem. 
The  triangle  is  known  in  Plane  Table  practice  as  the  great  triangle, 
and  the  circle  whose  circumference  passes  through  its  angles  is  called 
the  great  circle,  names  which  may  be  conveniently  used  in  this,  descrip¬ 
tion. 

If  fk.e  sum  of  the  angles  x  and  y,  (Fig.  1,  Plate  IV),  observed  at 
the  point  o,  exceeds  180°,  the  position  of  the  observer  will  be  accurately 
determined,  and  evidently  lies  within  the  triangle.  In  this  position, 
when  convenient,  the  third  angle  z  may  also  be  taken,  completing  a 
round  o£  angles ,  and  furnishing  a  check  upon  the  accuracy  of  the  obser¬ 
vations. 

When  the  sum  of  the  two  angles  observed  is  equal  to  180°,  the 
observer  is  upon  one  of  the  sides  of  the  triangle,  (Fig.  2,  Plate  IV). 
Therefore,  if  the  observer,  starting  from  or  near  any  station,  as  a,  or 
having  fixed  the  position  at  which  the  line  begins,  selects  an  object  as 
far  beyond  as  possible  and  directly  in  range  with  a  second  station  c, 
the  boat  being  pulled  upon  that  range,  the  observer’s  position  at  any 
point  on  the  line  may  be  determined  by  a  single  angle  from  a  signal 
placed  at  either  extremity  of  the  line  to  a  third  station  h.  A  single 
angle  x,  (Fig.  3,  Plate  IV),  also  suffices  when  the  observer  is  on  the 
prolongation  of  a  side  of  the  triangle.  In  selecting  the  third  station, 
it  will  be  sufficient  to  note  that  it  is  as  near  as  possible,  and  that  the 
angle  is  not  very  far  from  a  right  angle.  In  rough  water,  or  whenever 
the  boat  has  much  motion,  the  angles  observed  will  generally  be  slightly 
erroneous ;  and  for  any  small  error  in  an  observed  angle,  the  corres¬ 
ponding  error  in  the  position  determined  therefrom  becomes  greater 
according  as  the  observed  station  h  is  further  off,  and  also  as  the 
observed  angle  becomes  smaller. 

In  Fig.  4,  Plate  IV,  if  the  sum  of  the  given  or  observed  angles  x 
and  y  is  equal  to  the  supplement  of  the  angle  a  h  c,  the  problem  is 
indeterminate.  In  this  case,  the  point  o  is  upon  the  circumference  of 
the  great  circle.  An  approach  to  this  condition  should  be  avoided.  It 
cannot  occur  when  the  stations  observed  lie  unon  the  same  straight 
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line,  or  when  the  middle  station  observed  lies  nearest  to  the  observer, 
the  observer  being  without  the  triangle,  as  in  Figs.  5  and  6,  Plate  IV. 
It  is  obvious  that  the  stations  should  be  so  selected  that  the  observed 
angles  will  not  be  very  small. 

55.  It  will,  perhaps,  assist  the  inexperienced  to  consider  the  practi¬ 
cal  application  of  the  problem  with  regard  to  the  common  intersection 
of  the  circles  passing  through  the  position  of  the  observer,  and  of 
which  the  sides  of  the  great  triangle  are  chords.  The  intersecting 
circles  are  shown  in  the  figures  already  referred  to  ;  the  geometrical 
constructions  may  be  found  in  Jeffers’  Nautical  Surveying,  page  169. 
The  intersection  of  the  circles  determines  the  position  of  the  observer ; 
and  the  circles  themselves,  and  their  consequent  intersection,  depend 
upon  the  values  of  the  observed  angles.  While,  therefore,  the  angles 
taken  in  a  small  boat,  even  by  careful  and  experienced  surveyors, 
cannot  be  considered  entirely  accurate,  the  stations  should  be  selected 
so  as  to  reduce  to  a  minimum  the  effect  of  a  small  error  in  the  ob¬ 
servations.  In  this  view,  the  two  circles  formed  upon  those  sides  of 
the  great  triangle,  as  chords,  which  subtend  the  observed  angles,  should 
intersect  nearly  at  right  angles.  In  cases  approaching  the  indeterminate, 
the  centres  of  the  circles  fall  very  near  each  other,  and  near  the  cen¬ 
tre  of  the  great  circle,  and  the  circles  are  nearly  identical.  This  can 
only  occur  when  the  angle  a  h  c  towards  o,  Figure  4,  Plate  IV.,  is 
less  than  180°,  and  when  the  observer  is  clearly  without  the  triangle. 
When  it  appears  to  the  observer  that  the  great  circle  will  pass  near 
his  position,  one  of  the  stations  must  be  rejected.  The  positions  in 
which  the  indeterminate  case  cannot  occur  have  already  been  noted  ; 
and,  generally,  it  may  be  avoided  by  selecting  stations  so  that  the  in¬ 
tersecting  circles  will  be  different  either  in  size  or  in  situation.  If 
the  lines  joining  the  middle  station  witji  the  other  stations  form  near¬ 
ly  a  right  angle,  and  the  stations  are  nearly  equidistant  from  the  ob¬ 
server,  the  intersection  of  the  circles  will  be  good ;  and  it  will  be 
good  in  most  cases  where  the  centre  of  each  circle  is  without  the 
other  circle.  When  the  middle  station  is  near  the  observer  and  the 
extreme  stations  relatively  far  off,  the  circles  will  be  nearly  tangent 
externally,  and  their  intersections  not  well  determined. 

The  fixing  of  points  on  a  line  of  soundings  by  one  angle,  the  boat 
being  kept  upon  a  range,  requires  but  one  observer,  and  is  accom¬ 
plished  without  loss  of  time.  When  angles  to  three  points  are  re¬ 
quired,  and  there  is  but  one  observer,  it  becomes  necessary  to  anchor 
the  boat.  'When  not  sounding  upon  range  lines,  it  is,  therefore,  better 
to  employ  two  observers. 
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RUNNING  LINES  OF  SOUNDINGS. 

5G.  The  compass  is  of  little  use  in  sounding,  as  its  indications  in  a  boat 
are  very  changeable,  even  with  the  improved  compasses  now  sup¬ 
plied  to  the  Navy.  Compass  lines,  run  in  a  tideway,  or  through  the 
varying  currents  of  a  harbor,  are  also  necessarily  irregular  from  these 
causes.  The  method  by  ranges  is,  however,  very  simple  and  reliable, 
and  is  especially  expeditious  in  running  short  lines  in  a  harbor,  the 
soundings  being  made  at  equal  intervals  of  time.  The  boat  being 
pulled  at  a  steady  rate  upon  the  range,  and  the  whole  distance  timed, 
the  work  may  be  made  very  accurate,  and  frequent  observations  for 
position  dispensed  with.  In  harbors  where  there  are  not  a  sufficient 
number  of  natural  objects,  ranges  may  be  put  up  on  shore  by  the  com¬ 
pass,  which  will  ultimately  decrease  the  amount  of  labor  while  conduc¬ 
ing  to  the  accuracy  of  the  results. 

57.  The  observer  fixes  the  beginning  and  end  of  each  line,  and  gives 
the  order  “heave”  to  the  leadsman  at  regular  intervals  of  time, 
supposed  also  to  correspond  with  equal  intervals  of  distance  traversed 
by  the  boat.  The  frequency  of  casts,  or  the  length  of  intervals 
between  them,  depends  upon  the  slope  and  irregularities  of  the 
bottom.  It  is  evident  that  whenever  the  water  shoals  or  deepens 
quickly,  a  small  error  in  the  position  of  the  boat  will  give  a  large 
error  in  the  depth  of  water,  when  plotted  upon  the  chart.  Under 
these  circumstances,  it  is  absolutely  necessary  that  the  soundings 
should  be  numerous  and  the  positions  of  the  boat  continuously  deter¬ 
mined.  With  two  expert  observers,  the  circumstances  of  this  case 
will  not  delay  the  work,  but  when  there  is  but  one  observer  the  boat 
must  be  frequently  anchored.  In  anchoring  upon  a  line  of  soundings, 
care  should  be  taken  to  sheer  the  beat  tideward,  or  to  windward,  in 
order  that  the  boat  may  ride  upon  the  line. 

58.  Whatever  system  and  degree  of  accuracy  are  employed  for  the 
general  investigation  of  a  harbor,  the  approaches  to  all  shoals,  de¬ 
tached  rocks,  and  other  dangers,  must  be  very  carefully  determined 
with  reference  to  the  points  of  triangulation.  Having  determined 
the  positions  of  such  dangers,  and  the  soundings  over  them,  with 
extreme  care,  it  is  also  essential  to  note  the  ranges  which  lead  clear 
of  them. 

When  the  existence  of  isolated  rocks  has  been  reported,  or  is  sus¬ 
pected,  sweeping  should  be  resorted  to.  Dangers  of  this  character, 
steep  on  all  sides,  will  seldom  be  revealed  by  casts  of  the  lead.  In 
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trolling  for  rocks,  it  is  generally  best  to  use  two  boats  with  a  light 
line  fitted  with  a  chain  bight,  and  to  sweep  up  the  slope  or  steep. 

59.  In  fixing  the  position  and  limits  of  a  rock,  detached  reef,  or 
shoal,  a  boat  may  be  anchored,  or  a  buoy  placed,  upon  the  highest 
point,  and  radial  lines  run  to  all  points  of  the  horizon.  Or  several 
buoys  may  be  placed  upon  a  reef  to  fix  the  initial  points  of  sounding 
lines  :  and  if  very  exact  sections  of  the  reef  are  required,  the  distance 
of  the  soundings  from  the  buoys  on  the  radial  lines  may.  be  obtained 
by  the  use  of  a  marked  line  one  end  of  which  is  secured  to  the  buoy 
used,  and  the  soundings  taken  with  a  ballasted  pole.  When  the  bottom 
is  muddy,  to  prevent  the  pole  from  sinking  into  the  bottom  a  disk  may 
be  placed  upon  the  end  of  the  pole. 

60.  Whenever  a  number  of  boats  are  employed  in  sounding  out  a 
harbor,  it  is  important  that  the  lines  should  be  distinguished,  and  the 
general  direction  of  each  noted,  in  order  that  any  sounding  on  the 
chart  may  be  readily  compared  with  the  record.  A  system  of  notation 
for  this  purpose  is  given  in  the  instructions  for  the  Deck  Board  which 
is  supplied  to  surveying  ships  of  the  Navy. 

The  form  for  recording  soundings,  furnished  to  surveying  ships, 
is  given  under  paragraph  61,  together  with  the  instructions  for  keep¬ 
ing  the.  Boat  and  Shore  book. 

61.  In  wrork  along  the  coast  the  soundings  may  be  obtained  by 
running  zigzag  lines.  Observers  may  be  placed  upon  light-houses  or 
temporary  tripods,  and  the  angles  are  taken  simultaneously  upon  signal 
being  made  from  the  vessel.  Theodolites  should  be  used.  The  an¬ 
gles  at  the  vessel  may  also  be  measured  for  use  as  checks,  and  the 
times  should  be  recorded  by  watches  frequently  compared.  This  is 
an  excellent  method  where  the  currents  are  strong. 
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INSTRUCTIONS  FOR  KEEPING  BOAT  AND  SHORE  BOOK. 

1.  All  the  boat  and  shore  work,  with  the  exception  of  the  observations 
with  the  zenith  telescope,  the  declinometer,  and  the  dip  circle,  and  of  the 
tidal  observations,  are  to  be  recorded  in  the  Boat  and  Shore  Book. 

2.  A  book  furnished  to  an  officer  will  be  used  by  him  until  it  is  filled. 
The  numbers  of  the  volumes,  however,  will  be  current,  without  regard 
to  the  officers  using  them. 

3.  The  manner  of  recording  will,  in  general,  be  the  same  as  that  of 
the  deck-board,  under  the  instructions  given  for  it,  which  are  to  be 

referred  to. 

4.  The  officer,  on  leaving  the  ship  for  boat  or  shore  work,  will  set  his 

watch  by  the  face  of  the  deck  time-piece,  so  that  both  show  the  identical 

time,  and  on  returning  he  will  compare  it  with  the  same,  and  note  in  the 

column  “  Remarks  ”  the  time  then  shown  bv  both.  If  there  is  no  differ- 

*/ 

ence  between  them  he  must  state  this  fact. 

5.  If  there  be  onlv  one  observer  in  the  boat,  so  that  simultaneous 

*/  ' 

angles  cannot  be  obtained,  the  boat  must,  when  on  soundings,  always  be 
anchored  by  a  grapnel,  and  must  swing  to  the  tide  before  the  angles  be 
taken  for  position.  When  not  on  soundings  the  boat  must  be  made 
stationary  by  holding  water  with  the  oars  while  angling. 

6.  While  angling  in  sight  of  the  ship  or  of  a  shore  party,  a  flag  must 
be  exhibited  conspicuously,  in  order  that  angles  may  be  obtained  from 
the  ship  or  shore  party  to  the  boat.  Those  parties  must  keep  a  lookout 
for  such  signals. 

7.  Angles  for  position  must  be  obtained  whenever  the  boat  changes 
her  course,  and  at  every  sudden  change  of  the  depth  of  water.  The 
lines  between  angles  for  position  should  never  exceed  one  half-mile. 

8.  When  there  is  no  certainty  that  the  position  of  the  objects  angled 
upon  is  well  determined,  and  the’  ship  is  in  sight,  the  subtension  of  her 
mast  and  an  angle  between  her  and  one  of  the  shore  objects  should  be 
obtained  in  addition  to  the  other  angles. 

9.  The  soundings  should  be  at  equal  intervals  at  the  call  “  Heave  ” 
of  the  recorder.  The  time,  however,  must  be  recorded  at  each  sounding, 
and  in  addition  the  time  of  dropping  the  anchor  or  checking  the  boat,  and 
of  starting  again. 

10.  Theodolite  angles  at  shore  stations  will  be  read  by  both  (if  there  are 
four,  on  the  two  opposite)  verniers  of  the  horizontal  circle,  and  the  alti¬ 
tudes  of  peaks  (or  their  depression,  if  the  theodolite  station  is  on  a  higher 
peak),  also  by  both  verniers  of  the  vertical  circle,  the  verniers  to  be  dis¬ 
tinguished  by  letters  marked  on  them,  the  former  by  A  and  B,  the 
latter  by  C  and  D.  They  are  to  be  recorded  as  follows,  the  headings  of 
the  respective  columns  being  changed  (in  writing)  accordingly  :  Vernier 
A  in  the  column,  °  '  "  \  Vernier  B  in  jdie  column,  “Right  Object.” 


HYDROGRAPHICAL  SURVEYING. 


69 


The  object  sighted  in  the  column,  “  Left  Object  ”  (the  word  “  Left”  to 
be  stricken  out).  Vernier  C  in  the  column,  “  Vessel  and  Mast ;  ”  Ver¬ 
nier  D  in  the  column,  “  Angle.” 

In  order  to  make  sure,  in  obtaining  a  greater  number  of  angles,  of 
the  steady  adjustment  of  the  theodolite  to  the  primary  object,  the  latter 
must  be  resighted  from  time  to  time,  and  each  reading  recorded,  even  if 
it  does  not  differ  from  the  original.  The  level  must  also  be  re-examined, 
especially  when  altitudes  are  obtained.  For  the  correction  of  the  latter, 
the  elevation  of  the  theodolite  station  above  the  level  of  the  sea  must  be 
ascertained,  and  is  to  be  recorded  opposite  the  round  of  angles,  in  the 
column  “  Remarks,”  immediately,  if  ascertained  by  direct  measurement 
or  estimated,  or  subsequently,  as  soon  as  determined  by  other  means. 

With  a  carefully  adjusted  theodolite  the  elements  for  an  astronomical 
bearing  may  also  be  obtained  correctly  enough.  The  limb  observed  will 
be  recorded  by  the  letters  N.  L.  or  F.  L.  (nearest  or  furthest),  and  L.  L. 
or  U.  L.  (lower  or  upper). 

11.  After  the  return  of  the  party  to  the  ship,  the  officer  in  charge  will 
return  the  book  to  the  navigation  officer;  the  latter  will  note  on  each 
page  the  correction  to  be  applied  for  shortness  or  excess  of  lead  line,  and 
present  it  to  the  commander  for  examination  and  approval. 

PLOTTING  SOUNDINGS. 

62.  When  the  observations  for  fixing  the  positions  of  the  soundings 
have  been  taken  on  shore,  the  reduced  soundings  are  readily  plotted 
by  protracting  the  angles  observed  and  marking  the  intersections.  It 
will  be  necessary  to  inspect  the  recorded  times  to  ascertain  that  the 
angles  were  observed  simultaneously. 

63.  If  the  angles  have  been  taken  in  the  boat,  the  positions  are 
usually  plotted  by  means  of  an  instrument  called  the  station  pointer  ; 
but  the  geometrical  constructions  may  be  employed  to  place  soundings 
of  great  importance.  The  station  pointer  consists  of  a  graduated  cir¬ 
cle  to  which  is  attached  three  arms  or  radii,  the  central  arm  being 
fixed  and  its  edge  coincident  with  the  zero  of  the  graduation.  The 
other  arms  are  movable  and  have  verniers  attached  by  which  their 
edges  may  be  set  at  desired  angles  to  right  and  left  of  the  central  arm. 
The  lateral  arms  being  thus  set  to  the  observed  angles,  the  instrument 
is  placed  on  the  chart,  with  the  edge  of  the  central  arm  upon  the 
middle  station  observed,  and  the  edges  of  the  lateral  arms  bisecting 
the  marks  upon  the  chart  which  represent  the  positions  of  the  other  two 
objects  observed.  The  centre  of  the  instrument  is  then  at  the  point 
of  observation,  which  is  lightly  marked  upon  the  chart  through  the 
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aperture  provided  for  that  purpose.  Tracing  paper,  with  a  gradu¬ 
ated  circle  printed  upon  it,  or  tracing  linen  on  which  the  angles  have 
been  ruled,  are  good  substitutes  for  the  station  joointer,  and  are  some¬ 
what  more-  easily  used. 

64.  Whenever  the  direction  of  the  line  does  not  vary  and  the  sound¬ 
ings  change  gradually  and  at  a  uniform  rate,  the  labor  of  plotting 
may  be  much  decreased.  It  is  then  only  necessary  to  plot  by  the 
station  pointer  the  important  soundings  of  the  line  and  place  the 
soundings  between  such  important  positions  at  equal  distances.  To 
avoid  the  use  of  an  unnecessary  number  of  soundings  on  the  chart, 
when  they  are  numerous,  every  second,  or  third  one,  may  be  omitted. 
Soundings  taken  at  equal  intervals  are  very  easily  and  quickly  plotted 
by  the  use  of  a  set  of  equidistant  parallel  lines,  drawn  on  tracing 
paper  and  separated  not  more  than  the  least  distance  by  the  chart  scale 
between  any  two  soundings  of  a  line. 

65.  Upon  the  harbor  and  bay  charts  of  the  United  States,  the  con¬ 
tour  lines,  or  lines  of  equal  depths,  are  traced  for  every  fathom  up  to 
three  fathoms.  This  is  effected,  on  the  Coast  Survey  Charts,  by 
variations  in  the  shading,  which  is  made  lighter  for  each  fathom  as 
the  depth  increases  to  three  fathoms,  outside  of  which  there  is  no 
shading.  On  the  section  charts  of  the  coast  the  contours,  generally  to 
the  depth  of  one  hundred  fathoms,  are  indicated  by  regularly  dotted 
lines. 

It  is  a  sufficient  test  of  the  completeness  of  the  soundings  to  ascer¬ 
tain  if  these  curves  can  be  drawn  on  the  chart  for  all  depths,  without 

leaving  doubt  as  to  their  directions  anywhere.  In  the  smooth  water 

% 

of  harbors,  the  depth  not  exceeding  12  fathoms,  the  difference  between 
soundings  at  the  intersections  of  lines  should  not  exceed  one  foot. 

Specimens  of  contour  lines  are  shown  on  Plate  Y. 

66.  The  following  letters  and  symbols  are  employed  for  the  United 
States  Coast  Survey  Charts  to  indicate  the  character  of  the  bottom. 

The  materials  of  the  bottom  are  expressed  by  capital  letters.  Thus, 
M  stands  for  mud,  S  for  sand,  G  for  gravel,  Sh  for  shells,  P  for  peb¬ 
bles,  C  for  clay,  St  for  stones,  Gs  for  grass,  &c.  Colors  or  shades  are 
indicated  by  two  small  letters,  as  bk  for  black,  yl  for  yellow,  bu  for 
blue,  dk  for  dark,  gy  for  grey,  It  for  light,  &c.  Other  qualities  of  the 
bottom  are  denoted  by  three  small  letters,  lird  for  hard,  sft  for  soft, 
fne  for  fine,  crs  for  coarse,  stk  for  sticky,  brk  for  broken,  sml  for  small, 
lrg  for  large,  &c.  A  combination  of  these  abbreviations  states  at 
once  the  material,  color,  and  other  qualities  of  the  bottom,  gy.  S.  brk. 
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Sli.  for  grey  sand  with  broken  shells,  yl.  C.  St.  for  yellow  clay  and 
stones,  fne.  dk.  S.  P.  for  fine  dark  sand  and  pebbles,  &c. 

Specimens  of  symbols  used  on  charts  to  indicate  the  position  of  banks, 
reefs,  &c.,  and  some  others,  are  given  on  Plate  Y. 

In  the  description  of  buoys,  H.  S.  stands  for  horizontal  stripes,  B  for 
black,  and  R  for  -red.  A  buoy  with  black  and  red  horizontal  stripes 
is  a  danger  buoy.  In  entering  a  harbor,  black  buoys  are  left  on  the 
port  hand  and  red  buoys  on  the  starboard  hand.  A  buoy  with  black 
and  white  perpendicular  stripes  is  a  channel  buoy. 

REDUCTION  OF  SOUNDINGS. 

67.  As  the  soundings  are  taken  at  all  stages  of  the  tide,  the  times 
must  be  referred  to  that  of  the  tidal  observer.  The  reduction  then 
consists  in  subtracting  from  the  recorded  soundings  the  number  of  feet 
the  surface  of  the  water  lies  above  the  selected  jilane  of  reference,  as 
shown  by  the  tide  guage.  For  this  purpose  the  height  of  the  tide 
should  be  observed  at  stated  intervals  throughout  the  progress  of  the 
sounding  work.  It  is  important  to  notice  that  to  obtain  the  proper 
corrections,  reference  must  be  made  to  a  tide  guage  in  the  immediate 
vicinity  of  the  area  to  be  sounded,  so  that  the  guage  and  soundings 
will  be  affected  by  the  same  form  of  tide.  The  character  of  the  tide 
in  the  interior  of  a  harbor  will  generally  be  different  from  that  of  the 
tide  which  visits  the  entrance ;  and  this  will  be  particularly  marked 
where  the  channel  is  tortuous,  or  its  natural  contractions  and  expan¬ 
sions  influence  the  drift  of  the  tidal  current.  The  luni-tidal  interval 
and  the  range  of  the  tide,  under  these  circumstances,  will  generally  be 
altered  in  its  progress  to  the  second  station.  A  single  guage  may  be 
used,  however,  to  reduce  the  soundings  made  over  a  large  area,  through¬ 
out  which  the  depth  of  water  is  good,  and  the  obstructions  to  the  pro¬ 
gress  of  the  tide  wave  are  not  numerous  or  very  abrupt.  Under  these 
circumstances,  the  soundings  obtained  at  a  distance  from  the  tide  guage 
may  be  corrected  by  first  determining  the  difference  in  the  time  of 
tide  at  the  two  places,  by  Airy’s  rule :  The  rate  at  which  the  tide 
travels  is  equal  to  the  velocity  acquired  by  a  body  falling  through  space 
from  a  height  equal  to  half  the  depth  of  water.  The  time  of  the  tide 
must  be  reduced  to  that  of  the  same  tide  at  the  guage,  and  the  guage 
may  then  be  used  to  reduce  the  soundings  obtained  at  the  distant  sta¬ 
tion.  Airy’s  rule  may  also  be  used  to  determine  the  distance  for 
which  the  difference  in  tide  time  may  be  rejected,  and  the  observed 
soundings  referred  at  once  to  the  tide  guage. 
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68.  Where  the  area  to  be  surveyed  is  of  large  extent,  it  is  usual  to 
establish  several  tidal  stations.  If  the  soundings  are  to  be  included 
upon  the  same  chart  of  the  harbor,  the  soundings  should  all  be 
reduced  to  the  same  plane,  by  connecting  the  guages  and  their 
benches.  This  may  be  done  by  levels,  when  the  ground  is  not  un¬ 
favorable.  The  following  rules  for  connecting  tidal  stations  are 
enjoined  in  the  U.  S.  Coast  Survey  instructions. 

Where  there  is  no  considerable  river-outflow,  make  observations  upon 
the  two  guages  to  be  referred,  every  fifteen  minutes,  from  one  low  water 
to  the  next  following  (for  the  same  tides) ;  the  average  in  ea’ch  case  will 
be  mean  level,  and  the  difference  between  the  readings  of  mean  level  on  the 
two  g  tages  is  the  difference  in  the  elevation  of  their  zeros. 

The  above  rule  will  not  apply  where  there  is  considerable  river  out¬ 
flow  ;  but  the  following  rule  holds  good  wherever  the  outflow  of  river- 
water  does  not  wholly  reverse  the  flood-current. 

Set  up  graduated  staves  at  such  distances  apart  that  the  slacks  of  the 
tidal  currents  shall  extend  from  one  to  another.  By  simultaneous  obser¬ 
vations  ascertain  the  difference  in  the  readings  of  these  guages  at  the 
slack  between  ebb  and  flood  currents,  and  again  the  difference  at  the 
slack  between  flood  and  ebb  ;  the  difference  in  the  elevations  of  the  zeros  of 
the  gauges  is  equal  to  one-ha  f  the  sum  of  the  differences  of  their  readings  at  the 
two  slack  waters.  (Appendix  No.  11  of  the  Annual  Report  of  the  Coast 
Survey  for  1870.) 

It  will  be  seen  that  this  latter  rule  includes  all  the  cases  of  the 
former  likely  to  occur  in  any  single  season’s  work  ;  and  since  its  appli¬ 
cation  involves  less  time  and  labor,  it  may  be  properly  used,  whether 
there  is  any  river  slope  to  be  eliminated  or  not.  This  same  rule  will  be 
found  applicable  to  the  case  where  guages  inside  and  outside  of  inlets 
are  to  be  connected,  and*where  those  above  and  below  obstructions  are 
to  be  referred  to  each  other. 
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TIDAL  OBSERVATIONS - CURRENT  O  B  S  E  It  V  A  T I O  N  S  —  R  E  D  U  C  T I O  N  O  F 

CURRENT  OBSERVATIONS — SAILING  DIRECTIONS — TIDE  GUAGKS 
- BENCH  MARK. 


TIDAL  OBSERVATIONS. 

69.  The  soundings  upon  a  chart  indicate  the  depths  with  refer¬ 
ence  to  a  selected  plane,  generally  that  of  mean  low  water.  Tidal 
observations  are,  therefore,  necessary  in  connection  with  a  nautical 
survey,  to  fix  the  plane  of  reference  and  to  obtain  the  data  for  reduc¬ 
ing  the  soundings  to  this  plane.  The  observations  consist  in  measuring 
bv  a  tide  gauge  at  stated  times  the  heights  of  the  water  above  a  fixed 
zero  of  the  gauge.  The  same  observations,  when  continued  through- 
out  a  sufficient  interval  of  time,  furnish  the  data  for  the  construction 
of  a  tide-table,  a  necessary  accompaniment  of  the  completed  chart. 
In  order  to  determine  with  considerable  correctness  the  elements  of 
the  tide,  from  which  the  tide-table  is  computed  and  the  position  of  the 
plane  of  reference  calculated,  the  observations  must  be  carried  through¬ 
out  a  lunar  month,  the  local  time  and  the  height  of  water  being 
recorded  with  especial  care  at  the  times  of  high  and  low  water.  The 
results  are  but  approximations,  more  or  less  reliable  according  to  the 
circumstances  of  weather  during  the  period  of  observation.  Winds 
and  freshets  may  temporarily  obliterate  the  usual  features  of  the  tide; 
and  in  many  places  long-continued  observations  are  requisite  for  even 
a  tolerable  knowledge  of  the  tidal  elements. 

For  the  purpose  of  reducing  soundings,  the  tide  gauge  must  be 
noted  frequently  whenever  the  soundings  are  being  made. 
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70.  The  following  is  the  form  of  tide-table  usually  appended  to 
the  Coast  Survey  Charts  : 

Corrected  Establishment  at - -  .  .  .  0HXXXIIM 

Rise  of  Highest  Tide  observed  above  the  plane  of  reference  .  2.6  Ft. 
Fall  of  Lowest  Tide  do.  below  do.  do.  .  .  1.8  “ 


Fall  of  Mean  Low  Water  of  Spring  Tides  below  the  plane  of 

reference . 0.2  “ 

Height  of  Mean  Low  Water  of  Neap  Tides  above  the  plane 

of  reference . 0.4  “ 

Mean  Rise  and  Fall  of  Tides . 1.4  " 

Mean  do.  of  Spring  Tides . 1.9  “ 

Mean  do.  of  Neap  Tides . 0.7  “ 

Mean  Duration  of  Rise!  Reckoning  from  the  middle  of  one  .  5h  59m 
Mean  do.  of  Fall )  stand  to  the  middle  of  the  next  .  .6  19 

Mean  do.  of  Stand . 035 


71.  The  Coast  Survey  forms  for  the  observation  and  reduction 
of  tides  are  annexed. 
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CURRENT  OBSERVATIONS. 

72.  An  accurate  knowledge  of  the  velocities  and  directions  of  the 
currents  which  sweep  about  the  coasts  and  harbors  is  of  great  import¬ 
ance  to  the  navigator ;  the  want  of  that  knowledge  is  the  cause  of 
frequent  disasters,  involving  loss  of  property  and  life.  The  interests 
of  commerce  are  influenced  hy  the  changes  in  the  entrances  of  har¬ 
bors,  which  are  produced  principally  by  tidal  currents.  The  navigator 
is,  however,  more  immediately  interested  in  the  former  subject,  and 
the  determination  by  observations  of  the  set  and  drift  of  tidal  currents 
at  all  stages  of  the  flood  and  ebb  during  the  several  quarters  of  the 
lunar  month. 

73.  Tidal  currents  are  local  in  extent,  being  affected  both  in  direc¬ 
tion  and  velocity  by  the  existence  of  obstructions,  either  temporary 
or  permanent,  and  by  the  configuration  of  the  bottom,  in  the  im¬ 
mediate  vicinity.  It  is,  therefore,  necessary  to  establish  current 
stations  in  proximity  to  the  dangers  of  a  port,  and  wherever  it  may 
be  desirable  to  determine  the  set  and  drift,  in  order  to  decrease  the 
difficulties  of  the  navigation.  The  elements  of  the  currents  in  the 
approaches  to  harbors  are  of  the  first  importance. 

74.  The  observations  are  very  simple,  and  need  not  be  extended 
beyond  a  day  in  calm  weather,  the  results,  when  reduced  to  the 
mean  values,  being  more  reliable  than  those  of  a  series  through  a 
semi-lunation  of  variable  weather.  The  observations  should  begin  at 
slack  water  and  may  end,  after  twelve  or  twenty-four  hours,  at  the 
commencement  of  tjie  flood  or  ebb.  The  vessel  should  be  anchored 
in  the  channel  and  her  position  fixed  when  riding  to  the  flood  and  to 
the  ebb.  The  velocity  of  the  current  should  then  be  found  every 
half  hour  while  it  is  strong,  and  more  frequently  as  it  fails,  using  a 
lo£  line  marked  to  show  the  drift  in  nautical  miles  and  tenths.  The 
set  of  the  current  is  obtained  by  sextant,  taking  the  angle  from  the 
log  chip  to  a  station  on  shore  and  as  distant  as  possible.  If  no  well- 
determined  signal  is  in  sight,  the  direction  of  the  current  may  be 
determined  by  compass,  carefully  recording  the  deviation.  The 
magnetic  course  of  the  current  is  wanted.  The  local  mean  time  of 
each  observation,  and  particularly  at  the  beginningand  end  of  the  slack, 
the  direction  and  force  of  the  wind,  and  the  depth  of  water  at  every 
slack,  should  be  recorded.  The  Coast  Survey  forms  for  current  ob¬ 
servations  are  given  herewith. 


UNITED  STATES  COAST  SURVEY. 


HYDROGRAPHICAL  SURVEYING 


79 


80 


MARINE  SURVEYING. 


Q 

A 


o 

o 

H 

o 

Pm 


‘ift'Iop  5y 


Zi 

tfl 


Cfi 

ttf 

O 

U 


Vj 

W 

r- 


o 

-3 


H  O 
X 

B  X 
A  a 


g 

£  5  a 

m 

rt  U  ? 


/“V 


£ 


rj 

W 


o 


rH 

a 


< 

o 


2 

in 


•ij^tlap  ^mpw  3Y 


HYDROGRAPHICAL  SURVEYING. 


81 


75.  In  order  to  reduce  the  current  observations  of  a  single  day  to 
the  mean  value,  the  tide-gauge  must  be  recorded  through  not  less 
than  a  semi-lunation,  including  the  day  of  current  records. 

The  current  intervals  and  the  duration  of  a  current  are  estimated 
from  the  middle  time  of  slack  water,  and  the  interval  from  the  transit 
of  the  moon  to  the  time  of  turning  may  thus  be  determined.  From 
extended  observations  it  has  been  found  that  the  time  of  maximum 
velocity  corresponds  to  the  middle  time  of  the  current.  The  time  of 
maximum  velocity  for  a  single  ebb  or  flood  may  be  found  from  the 
observed  times  and  velocities,  either  by  interpolation,  or,  more  closely, 
by  plotting  the  curve  of  velocities  upon  a  diagram,  using  the  current 
intervals  throughout  the  duration  of  the  current  and  the  velocities  as 
co-ordinates,  and  the  lunar  interval  of  the  observed  maximum  current 
then  becomes  known.  The  middle  time  of  the  rise  of  the  tide  is 
simultaneously  observed,  and  its  lunar  interval  is  found  ;  and  the 
lunar  interval  of  the  middle  time  of  the  tide  is  computed  from  a  long 
series  of  observations  by  taking  the  half  sum  of  the  mean  intervals  of 
high  and  low  tides  :  the  difference  between  these  intervals  is  a  cor¬ 
rection  to  be  applied  to  the  lunar  interval  of  the  observed  maximum 
current  to  find  the  mean  lunar  interval  of  maximum  velocitv. 

Using  the  tidal  observations  for  comparison,  the  drift  for  spring 
tides,  or  for  neaps,  may  be  computed  from  a  short  series  of  current 
observations,  by  the  following  rule,  which  gives  a  close  approxima¬ 
tion  to  correct  results  :  the  velocities  of  the  currents  for  corresponding 
hours  of  different  tides  are  to  each  other  as  the  rates  of  rise  or  fall  at 
those  hours. 

70.  The  current  table,  if  intended  to  accompany  a  chart  or  sketch 
of  a  harbor,  should  be  of  the  annexed  form  : 
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77.  The  annexed  table  of  tidal  currents  is  taken  from  one  of  the 
Coast  Survey  Charts  : 
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The  changes  in  -the  set  and  drift  of  tidal  currents  under  the 
influence  of  strong  winds,  and  especially  of  those  winds  which  pre¬ 
vail  at  certain  seasons,  should  be  observed;  and  when  the  results  are 
important,  full  descriptions  of  the  changes  should  be  entered,  as 
remarks,  upon  the  chart. 

SAILING  DIRECTIONS. 

78.  In  connection  with  the  views  now  usually  placed  upon  charts, 
sailing  directions  are  of  great  use  to  the  navigator,  particularly  in 
approaching  unfamiliar  coasts.  Such  remarks  upon  the  chart  are 
intended  to  bring  prominently  to  notice  the  dangers  of  the  coast,  or 
harbor  entrance,  and  the  means  of  avoiding  them.  The  courses  which 
lead  to  the  anchorages  are  given,  generally  from  the  magnetic  meridian, 
with  bearings  of  the  prominent  points  and  ranges,  and  descriptions  of 
day  marks  and  night  ranges.  Subsequent  to  the  survey  of  a  harbor 
these  remarks  should  be  carefully  prepared,  both  for  entering  and 
leaving  the  harbor.  No  specific  rules  can  be  laid  down  here  as  guides 
in  this  work ;  and  the  student  is  referred  for  information  as  to 
the  particulars  of  the  sailing  directions  to  the  Coast  Survey  Charts. 

TIDE  GAUGES. 

70.  For  harbors  and  localities  which  are  sheltered  from  the  swell 
of  the  sea,  the  most  reliable  gauge  is  a  staff  graduated  upwards  in 
feet  and  tenths,  which  is  secured  in  a  vertical  position  with  its  zero 
below  the  level  of  the  lowest  tide.  The  zero  of  the  staff  is  connected 
with  the  bench-mark,  or  permanent  mark  of  reference,  by  levellings. 
If  a  levelling  instrument  is  not  at  hand,  the  reference  may  be  effected 
by  measuring  the  difference  of  height  of  a  number  of  intermediate 
points  by  means  of  a  long  straight-edged  board,  made  horizontal  by 
the  aid  of  a  carpenter’s  spirit-level, or  a  plummet  square.  The  differ¬ 
ences  of  height  should  be  determined  in  both  positions  of  the  level. 
A  line  of  sight  from  the  bench-mark  across  the  tide-staff  to  the  sea- 
horizon,  is  an  excellent  level  line. 

80.  Where  the  surface  of  the  water  is  disturbed  by  ripples,  or  when 
nice  observations  are  required,  a  glass  tube  of  about  a  half-inch  in 
diameter  with  a  float  inside  is  secured  to  the  face  of  the  staff.  The 
lower  end  of  the  tube  should  be  partially  closed  by  a  cork  with  a  hole 
through  it,  and  the  tube  should  extend  at  all  times  several  feet  below 
the  surface  of  the  water,  so  that.  t-hu  undulations  will  be  excluded. 
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The  empty  bulb  of  a  thermometer  with  a  -portion  of  the  stem 
attached  to  give  it  weight,  makes  a  good  float.  A  red  glass  bubble, 
or  a  little  colored  oil,  may  be  used. 

81.  In  places  were  the  swell  of  the  sea  is  considerable,  or  when 
it  is  inconvenient  at  times  for  the  observer  to  see  the  figures  on  the 
staff  by  reason  of  the  great  range  of  the  tide,  the  box  gauye  is  employed. 
It  consists  of  a  box,  closed  at  the  bottom,  containin' 
or  rod  attached  to  a  tin  or  copper  float  which  is  movi 
bv  the  tide.  The  water  is  admitted  through  gimlet^ 
and  near  the  bottom.  The  staff  of  a  box  gauge 

o  o 

ward,  and  the  observer  notes  the  figures  on  the  sti 
top,  or  a  convenient  opening  in  the  side  of  the  box^fl^ehiric; 
the  reading  point .  Besides  the  reference  of  the  re; 
bench  mark  by  a  line  of  levels,  it  is  necessary  to  rc 
from  the  zero  of  the  staff,  or  some  other  stated  divisi 
line  of  the  float,  in  order  that  the  elevation  of  the 
surface  of  the  sea  may  be  computed  for  the  reading 
and  as  the  water  line  of  the  float  may  change  with  the  saturation  of 
the  staff,  or  other  cause  of  alteration  in  weight,  this  distance  should  be 
occasionally  measured  and  recorded. 

if  the  holes  at  the  foot  of  the  gauge  are  too  small,  or  become 
partially  closed  by  weeds,  the  ingress  and  egress  of  the  water  will 
not  be  free,  and  the  observations  become  erroneous.  On  the  other 
hand,  if  the  holes  are  large,  the  undulations  of  the  sea  will  affect  the 
fioat  and  staff.  The  effect  of  inadequate  water  holes  is  to  increase 
the  intervals ,  reduce  the  ranges,  and  alter  the  magnitudes  of  all  the 
inequ  lilies  of  the  recorded  tide. 

82.  To  the  box  gauge  is  sometimes  attached  a  self-registering  ap¬ 
paratus,  so  arranged  that  the  rising  or  falling  float  carries  a  pencil 
with  which  it  describes  a  curve  upon  paper  wrapped  about  a  cylinder 
revolving  by  clock  work.  The  Saxton  self-registering  tide  gauge  is 
described  in  the  Coast  Survey  Report  of  1853.  In  this  gauge  the 
motion  of  the  pencil  is  horizontal,  and  the  paper  unrolls  from  one 
cylinder  and  rolls  up  on  another,  the  receiving  cylinder  being  re¬ 
volved  twice  in  a  day,  and  a  mark  being  pricked  upon  the  paper  at 
each  half  hour.  The  curves  on  the  paper  are  reduced  to  figures  by  the 
use  of  scales;  and  in  order  to  determine  the  absolute  heights  repre¬ 
sented  by  the  curves  it  is  necessary  to  refer  to  a  staff  gauge  in  the 

*  immediate  vicinity.  The  staff  observations  should  be  frequently 
made  on  quiet  days,  at  even  hours,  and  about  the  time  of  stand. 


86 


MARINE  SURVEYING. 


The  recording  pencil  should  be  drawn  back  and  a  vertical  mark  made 
on  the  paper,  over  which  should  be  written  the  true  time  and  the 
height  by  staff.  These  observations  connect  the  curves  on  the  paper 
with  the  bench  mark,  and  furnish  a  check  upon  the  clock  and  gauge. 

-S3.  Hunt’s  Off-shore  Tide  and  Sounding  Meter  is  an  instrument  by 
which  the  heights  of  water  are  determined,  barometrically,  by  the 
pressure  of  the  sea  upon  an  elastic  air  bag  lying  upon  the  bottom. 
This  instrument  is  described  in  the  Coast  Survey  Report  for  1857. 

BENCH-MARK. 

84.  The  reduced  soundings  upon  a  chart  detail  the  depths  of  water 
above  some  selected  plane  of  reference,  which  is  that  of  mean  low 
water  upon  the  Coast  Survey  Charts.  The  observations  of  high  and 
low  waters  throughout  a  lunar  month  determine  the  vertical  distance 
of  the  plane  of  reference  from  the  zero  of  the  tide  gauge  employed. 
But  as  the  gauge  is  liable  to  injury  and  decay,  and  in  view  of  the 
probability  of  a  subsequent  survey  of  the  same  locality,  it  is  further 
necessary  to  fix  the  level  of  the  plane  of  reference  with  regard  to  the 
position  of  a  permanent  bench.  This  is  effected  by  running  a  line  of 
levels  from  the  zero  of  the  tide  gauge  to  the  bench-mark.  Upon  a 
re-survey,  the  plane  of  reference  of  the  soundings  may  be  recovered 
from  the  position  of  the  bench-mark,  and  a  comparison  of  the  surveys 
established.  This  is  frequently  of  great  importance  in  tracing  the 
history  of  a  harbor,  particularly  in  the  formation  and  disappearance 
of  shoals,  with  a  view  to  the  improvement  of  the  tidal  basin. 

Any  object  near  the  shore  which  is  of  a  permanent  character,  or 
is  not  likely  to  be  removed,  may  be  used  as  a  bench. 

The  bench  should  be  marked  by  a  circle  with  cross  lines  at  the 
centre  to  indicate  the  exact  position  of  the  reference  point.  The 
location  of  the  bench  should  be  carefully  described  in  the  tidal  record, 
and  a  note  made  of  its  elevation  above  the  plane  of  reference. 
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CHAPTER  VIII. 

TIDES — DEFINITIONS - ORIGIN  AND  TELOCITY  OF  TIDE  WAVES— 

FORMS  OF  TIDES. 

85.  Tides. — The  surface  of  the  ocean  rises  and  falls  twice  in  a  lunar 
day,  about  24  h.  50  m.  of  mean  solar  time.  The  explanation  of  this  phe¬ 
nomenon  depends  on  the  law  of  universal  gravitation.  The  tides  are 
due  to  the  difference  of  the  attractions  of  the  moon  upon  the  earth  and 
on  the  waters  of  the  ocean,  and  to  a  similar  inequality  in  the  attractions 
exerted  by  the  sun.  To  an  observer  on  the  coast,  the  tides  appear  as 
alternate  depressions  and  elevations  of  the  sea,  and  also  as  horizontal 
movements  of  the  water,  alternately  ebbing  and  flowing  ;  and  the  term 
tide  is  ordinarily  employed  to  designate  both  phases  of  the  phenome¬ 
non. 

The  word  tide  signifies,  in  hydrography,  only  the  vertical  move¬ 
ment  of  the  sea,  and  the  words  rise  and  fall  are  used  with  reference 
only  to  the  same  movement.  The  horizontal  motion  of  the  water  is 
called  the  tidal  current ,  and  the  words  food  and  ebb  indicate  the  gene¬ 
ral  direction  of  the  tidal  current.  The  word  set  applies  to  the  com¬ 
pass  direction  and  drift  to  the  rate  or  velocity  of  the  tidal  current.  Stand 
is  that  interval  of  time,  at  high  or  low  water,  during  which  no  vertical 
motion  of  the  water  can  be  observed.  Slack  designates  the  interval  of 
time  during  which  no  horizontal  motion  is  perceptible.  Range  is  the 
difference  in  the  height  of  the  tide  from  high  water  to  low  water;  and 
the  term  is  equivalent  to  the  expression  mean  rise  and  fall. 

The  length  of  the  tide  is  the  distance  measured  on  the  surface  of 
the  ocean  from  one  low  water  to  the  next. 
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8G.  The  tide  wave  must  be  regarded  as  the  result  of  the  combined 
action  of  the  sun  and  moon,  though  each  of  these  bodies  may  be  sup¬ 
posed  to  raise  an  undulation,  or  wave.  But  since  the  influence  of  the 
moon  in  creating  tides  is  known  to  be  2^  times  that  of  the  sun,  the 
tide  may  be  considered  as  the  lunar  wave,  modified  or  exaggerated  by 
the  influence  of  the  sun,  according  to  the  relative  position  of  the  two 
bodies  in  longitude. 

87.  Soon  after  the  sun  and  moon  are  either  in  conjunction  or  in  op¬ 
position,  the  highest  tides  of  the  lunar  month  will  occur.  These  are 
called  Spring  Tides.  Unusually  high  tides  will  occur  when  the  earth 
and  moon  are  in  the  position  of  their  respective  orbits,  at  the  time  of 
new  or  full  moon,  in  which  the  attractions  of  the  sun  and  moon  are 
greatest  upon  the  waters  of  the  earth.  This  may  occur  when  the 
moon  is  in  perigee,  and  new  or  full,  about  the  1st  of  January.  See 
Paragraph  96. 

88.  A  third  astronomical  condition  affecting  the  height  of  the  tide 
will  presently  be  stated;  depending  upon  the  declinations  of  the 
bodies  and  the  latitude  of  the  place. 

89.  Neap  Tides  are  the  smallest  of  the  lunar  month,  occurring 
shortly  after  the  moon  is  in  quadrature.  At  that  period  the  attrac¬ 
tions  of  the  sun  and  moon  upon  the  waters  act  in  opposition  and  the 
solar  wave  tends  to  counteract  the  lunar.  The  range  of  the  tide, 
therefore,  gradually  decreases  as  the  moon  passes  from  conjunction  or 
opposition  to  quadrature,  and  increases  upon  leaving  the  position?  in 
qu  tdrature.  See  Paragraph  96.  The  ratio  of  the  spring  tide  to  the 
neap  tide  is  about  that  of  5  to  2. 

Very  small  tides  will  take  place  about  the  time  of  the  earth’s  peri¬ 
helion  passage  if  the  moon  is  in  apogee  and  also  in  quadrature  ;  the 
influence  of  the  sun  in  creating  tides  being  then  at  its  greatest,  while 
the  moon  has  its  least  possible  effect. 

90.  During  the  first  and  third  quarters  of  the  lunar  month,  the 
solar  wave  lies  to  the  west  of  the  lunar  one,  and  the  combined  undu¬ 
lation,  or  tide  wave,  will  be  to  the  west  of  that  which  would  be  due 
to  the  moon  alone;  and  this  causes  a  priming,  or  acceleration,  of  the 
time  of  high  water. 

In  the  second  and  fourth  quarters  the  solar  influence  acts  in  retard¬ 
ation  of  the  lunar  wave,  and  a  lagging  of  the  tides  takes  place. 

9 1 .  The  interval  of  time  which  elapses  from  the  instant  of  the  moon’s 
transit  over  the  meridian  of  a  place  to  that  of  high  water  at  the  same 
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meridian  is  called  the  luni-tidal  interval.  The  variations  in  this  inter¬ 
val,  from  day  to  day,  are  due  to  priming  and  lagging. 

92.  There  is  a  daily  retardation  in  the  time  of  high  water,  following 
the  retardation  of  the  moon.  The  two  daily  tides  at  any  place  are 
not,  however,  always  equal  in  height,  owing  to  the  inclination  of  the 
plane  of  the  moon’s  orbit  to  the  plane  of  the  earth’s  equator  and  to  the 
diurnal  rotation  of  the  earth.  When  the  declination  of  the  moon  is., 
zero,  the  two  daily  tides  at  any  place  will  be  equal  in  height,  and  the 
tide  wave  is  highest  at  the  equator  and  lowest  at  the  poles.  When 
the  moon  is  not  in  the  plane  of  the  equator,  the  highest  point  of  the 
tide  wave,  and  the  greatest  daily  inequality,  will  occur  at  places  whose 
latitude,  either  north  or  south,  is  equal  to  the  moon’s  declination  ;  and 
the  two  daily  tides  at  any  place,  except  upon  the  equator  or  at  the 
poles,  are  unequal.  If  the  declination  of  the  moon  is  of  the  same  name 
as  the  latitude  of  the  place,  the  greater  of  the  daily  tides  occurs  next 
after  the  upper  transit  of  the  moon  ;  but  if  the  latitude  and  declination 
have  contrary  names,  the  higher  tide  of  the  day  follows  the  lower 
culmination  of  the  moon.  The  position  of  the  sun  in  declination  and 
the  rotation  of  the  earth  being  considered,  results  may  be  stated  which 
are  entirely  similar  to  those  described  above.  The  difference  in  the 
daily  tides  at  a  place,  due  to  these  causes,  is  known  as  the  diurnal  in¬ 
equality. 

93.  The  mean  of  the  values  of  the  luni-tidal  intervals  at  any  place 
on  the  days  of  full  and  new  moon  is  called  the  common  establishment  of 
a  port.  The  corrected  establishment  is  the  mean  of  all  the  luni-tidal  inter¬ 
vals  in  a  lunar  month. 

94.  The  time  of  the  moon’s  transit  advances  from  0  h  on  the  dav  of 
new  moon  to  12  h  at  the  full.  And  if  we  observe  the  changes  in  the 
length  of  the  luni-tidal  intervals  from  conjunction  to  opposition,  or 
vice  versa. ,  and  the  changes  in  the  range  of  the  tide  during  the  same 
period,  it  will  appear  that  the  variations  depend  closely  upon  the  hours, 
of  the  moon’s  transit,  the  same  form  of  tide  wave  occurring  at  equal, 
intervals  from  the  times  of  conjunction  and  opposition.  This  altera¬ 
tion  in  the  figure  of  the  tide  during  the  semi-lunar  month  is  known  as 
the  half-monthly  inequality. 

95.  Were  the  whole  earth  covered  with  water  of  uniform  depth,, 
the  tide  wave,  which  results  from  the  attractions  of  the  sun  and  moon, 
would  accompany  the  moon  in  its  apparent  diurnal  motion,  sometimes, 
preceding  and  sometimes  following  by  small  intervals  the  passage  of 
the  moon  over  any  meridian,  the  mean  angular  velocities  of  the  wave 
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and  moon  being  equal.  The  tide  wave,  under  such  circumstances, 
would  be  a  simple  undulation,  without  progressive  motion  of  the  waters. 
The  irregularities  of  the  bed  of  the  ocean,  the  interposition  of  conti¬ 
nents,  and  the  action  of  winds,  are  primary  causes  of  the  great  varia¬ 
tions  in  the  velocity  and  direction  of  the  tide  wave  and  of  the  manifold 
forms  of  tidal  currents.  The  actual  phenomena  observed  are  extremely 
complicated,  differing  widely  from  theoretical  conclusions  ;  the  explana¬ 
tion  of  which,  and  of  their  laws  of  dependence,  requires  long  periods 
of  careful  observation  and  a  discussion  of  the  physical  sciences.  It 
is  necessary  only  to  state  here  some  of  the  results  obtained. 

96.  An  examination  of  the  half-monthly  inequalities,  drawn  from 
tide  records,  discloses  the  fact  that  the  mean  luni-tidal  interval  and  the 
highest  tides  do  not  take  place  till  a  day  or  two  after  the  times  of  full 
and  change  ;  and,  further,  this  retard  of  the  tide  changes  with  the 
locality.  It  is  evident,  therefore,  that  the  passage  of  the  moon  over 
a  meridian  is  not  generally  the  cause  of  the  succeeding  high  water. 
The  retard ,  or  age  of  the  tide ,  at  any  place,  is  the  interval  of  time 
from  the  formation  of  the  tide  wave  in  mid-ocean  till  its  arrival,  or 
culmination,  at  that  place. 

97.  If  lines  are  drawn  upon  a  map  connecting  all  those  places  at 
which  high  water  occurs  at  the  same  instant  of  absolute  time,  such 
curves  are  known  as  cotidal  lines.  Usually  upon  these  maps,  numerals 
are  placed  over  the  cotidal  lines,  which  indicate  the  hours  of  Greenwich 
time  on  the  days  of  full  and  change  at  which  high  water  occurs  on 
the  different  lines.  An  inspection  of  such  a  map  will  show  that  the 
great  ocean  tide  wave  originates  in  the  Pacific,  west  of  the  South 
American  coast.  Thence,  travelling  to  the  northwest,  it  reaches  the 
eoast  of  Kamtschatka  in  about  ten  hours.  The  same  wave,  travelling 
with  less  velocity  through  the  more  shallow  water  of  the  South  Pacific, 
passes  New  Zealand  in  about  twelve  hours,  traverses  the  Indian  Ocean 
to  the  Cape  of  Good  Hope,  turns  into  the  Atlantic,  and  finally  reaches 
the  coast  of  the  United  States  in  about  fortv  hours  from  its  formation. 
Another  branch  of  the  tide  wave  is  propagated  towards  Cape  Horn, 
and  turns  eastward  into  the  Atlantic. 

98.  The  velocity  of  the  tide  wave  appears  to  be  determined  mainly 
by  the  depth  of  the  water  through  which  it  is  propagated.  The  range 
depends  more  upon  the  variations  in  width  than  in  depth,  and  upon 
the  peculiarities  in  the  configuration  of  the  coast.  Referring  to  Airy’s 
rule,  already  stated  in  Chapter  VI,  Paragraph  67,  the  velocity  of  the 
tide  wave  for  different  depths  of  the  ocean  is  as  follows : 
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Depth  of  "Water. 

25  feet. 

100  “ 

250  “ 

1000  « 

5000  “ 

2(0  ;o  “ 

50000  “ 


Velocity  of  Wave  per  hour. 
.  .  19  miles. 

39  “ 

,  61  “ 

.  122  “ 

.  273  “ 

.  547  '« 

.  665  “ 


99.  The  form  of  tide  at  anyplace  maybe  graphically  represented 
upon  a  diagram,  by  plotting  with  the  hours  of  the  day  as  abscisses  and 
the  heights  of  the  tide  as  ordinates  ;  and  the  tides  of  different  localities 
may  be  thus  classified.  Three  principal  forms  of  tides  are  now  rec¬ 
ognized,  with  reference  to  their  figure  and  causes  of  origin. 

Along  the  eastern  coast  of  the  United  States  the  semi-diurnal 
wave  prevails,  giving  two  high  and  two  low  waters  in  a  day.  It  is 
supposed  that  the  great  tide  wave  from  the  South  Atlantic  arrives  on 
our  coast  twelve  hours  after  the  arrival  of  the  direct  wave  which 
crosses  the  Atlantic  from  east  to  west,  the  higher  tide  of  the  former 
coinciding  with  the  lower  high  water  of  the  latter,  thus  eliminating 
the  diurnal  inequality. 

In  the  Gulf  of  Mexico  the  semi-diurnal  tides  are  very  small, 
being  nearly  destroyed  by  the  interference  of  the  tide  wave  which 
passes  through  the  Straits  of  Florida  with  that  which  reaches  the 
Gulf  through  the  Yucatan  Channel.  The  tides  are  there  of  the 
diurnal  form,  one  of  the  daily  tides  being  nearly  inappreciable,  and 
there  being  but  one  high  and  one  low  water  in  a  day.  Tides  of  the 
diurnal  type  have  but  a  small  range,  which  nearly  disappears  when 
the  moon  is  on  the  equator. 

The  compound  form  of  tide  is  observed  on  the  Pacific  coast  of  the 
United  States,  where  two  daily  tides  usually  occur,  which  are  very 
unequal,  except  when  the  declination  of  the  moon  is  zero.  At  Port 
Townsend,  near  Vancouver’s  Island,  when  the  moon’s  declination  is 
greatest,  this  inequality  reaches  a  maximum,  one  of  the  daily  tides 
being  obliterated.  There  is,  at  such  times,  no  descent  corresponding  . 
to  one  ebb,  but  onlva  check  in  the  rise  of  the  tide. 

100.  On  the  east  coast  of  Scotland  there  is  an  appearance  of  high 
water  four  times  a  day,  due  to  the  superposition  of  two  tidal  waves,  one 
passing  through  the  English  Channel, and  the  other  travelling  around 
the  north  of  Scotland  and  turning  southward  into  the  North  Sea. 
Many  other  tidal  phenomena  have  been  observed,  but  it  is  designed 
here  to  refer  only  to  the  more  simple  ones.  The  tides  of  rivers  are. 
exceedingly  complex,  and  are  not  well  understood.  The  whole  sub¬ 
ject  is  one  for  patient  and  extended  investigation,  for  which  the  data 
must  be  obtained  by  careful  and  long  continued  tidal  observations. 
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CHAPTER  IX. 

PRACTICAL  HINTS. 

HINTS  FOR  THOSE  WITHOUT  EXPERIENCE  IN  THE  PRACTICE  OF 

HYDROGRAPHIC  SURVEYS. 

101.  Care  in  the  preparation  and  preservation  of  data.  Without 
the  note  books  are  sufficiently  full,  and  capable  of  being  plotted  in 
detail  by  any  intelligent  surveyor,  the  work  is  of  no  value.  The 
topography  made  is  the  only  thing  that  can  be  excepted. 

102.  However  well  a  surveyor  may  understand  the  theory,  the 
practice  or  execution  is  ever  varying.  The  purpose  of  every  survey 
must  (Jetermine  its  minuteness,  and  in  general  its  method  of  execution. 
If  it  is  intended  as  a  preliminary  to  some  improvement,  the  greatest 
exactness,  and  a  large  scale  for  plotting  is  requisite ;  if  only  for  safe 
navigation,  the  character  of  the  bottom  and  the  dangers  to  be  guarded 
against  must  be  sufficiently  shown  by  ranges,  if  possible,  or  by  defin¬ 
ing  the  position  for  necessary  buoys  by  soundings,  or  by  the  charac¬ 
ter  of  the  bottom,  and  all  of  these  elements  will  usually  enter  into 
the  survey  of  an  ordinary  harbor. 

103.  Should  a  survey  for  improvements  be  required,  the  careful 
measurement  of  a  base  line  in  its  immediate  vicinity  is  essential ;  and 
if  possible,  in  such  a  manner  as  to  mark  distances  apart  upon  which 
range  lines  are  to  be  run,  .and  a  parallelogram,  formed  with  the  range 
points  established,  marked  by  stakes  numbered  or  lettered,  to  ensure 
persons  bearing  portable  ranges  to  take  up  the  designated  positions 
when  the  soundings  are  made  ;  the  observer  in  the  boat  taking  as 
many  horizontal  angles  when  sounding,  as  is  found  necessary  to  fix  in 
position  properly,  the  depth  and  the  character  of  the  bottom.  Some- 
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times  it  will  be  found  advantageous,  in  advance  of  beginning  to  sound, 
to  have  the  men  bearing  the  portable  ranges  to  take  up  their  posi¬ 
tions  consecutively,  on  the  proposed  lines,  and  to  place  on  the  shore 
line  small  flags  of  different  colors  to  be  taken  up  as  the  work  pro¬ 
gresses  to  avoid  confusion. 

104.  A  special  study  of  every  bar  or  harbor  in  advance  is  neces¬ 
sary,  based  upon  the  best  chart  or  information  known,  the  object  being 
to  define  most,  and  with  accuracy,  with  the  fewest  soundings  and  the 
least  work ;  range  lines  on  trigonometrical  or  other  established  points 
should  be  run,  and  for  this  purpose  points  should  be  established ; 
these  range  lines  should  have  a  horizontal  angle  taken  over  the  lead , 
at  every  other  cast  and  should  be  plotted  in  ink  of  a  different  color 
from  common  soundings. 

1 05.  Well-defined  natural  ranges  on  trigonometrical  points  should  be 
run  in  such  directions  as  to  best  fill  in  the  work.  If  the  range  is  kept 
closely  on,  and  the  ends  of  the  line  determined  by  two  horizontal 
angles,  or  by  one,  and  a  cut  upon  the  boat  from  a  shore  station,  this 
work  may  be  regarded  as  of  almost  the  same  value  as  the  former. 

106.  To  guard  against  the  effects  of  winds  and  tides  all  lines 
should  be  run,  if  possible,  on  natural  ranges,  even  when  neither  point 
of  the  range  is  determined  trigonometrically.  In  “filling  in”  by 
the  three  point  problem  it  is  necessary  to  mark  closely  where  the 
work  must  come  in  and  to  take  a  tracing  of  the  chart  as  a  guide,  if  it 
is  to  be  done  in  a  boat.  The  traverse  made  is  usually  from  15  to  20 
degrees,  and  will  be  made  more  satisfactory  by  laying  off  with  a  sextant 
the  necessary  angle  just  before  changing  the  line  ;  by  varying  this 
angle  slightly  a  good  natural  range  can  usually  be  secured,  whether 
running  off  or  on  shore,  the  first  on  a  back  range,  the  second  direct. 

107.  In  the  completion  of  the  work,  if  possible,  range  lines  should 
be  run  on  prominent  natural  objects,  so  as  to  define,  as  nearly  as  can 
be  done,  the  limits  of  the  channels,  and  these  lines  should  form  the 
bases  of  sailing  directions,  wh  ch  should  be  written  at  the  time  of  com¬ 
pleting  the  survey,  and  the  vessel  run  by  them  and  her  track  plotted. 

108.  The  character  as  well  as  the  depth  should  be  called  at  every 
sounding  ;  an  examination  of  charts  in  general  will  show  that  soft 
bottom  will  be  found  in  mid-channel ;  that  upon  one  side  it  will  shoal 
gradually  in  mud,  and  upon  the  other  side  hard  bottom  will  usually 
indicate  the  channel  limit,  before  shoaling  even,  and  that  it  shoals 
rapidly  to  a  shore,  spit,  or  bank. 

100.  A  very  useful  movable  base  may  be  established  on  board  every 
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vessel  to  determine  distances  within  two  or  three  miles  with  consider¬ 
able  accuracy  by  carefully  measuring  the  longest  line  of  sight  obtain¬ 
able  on  deck,  and  putting  in  a  clump  of  copper  tacks  to  mark  the  ends 
distinctly  and  permanently,  and  calculating  a  table  in  advance,  corres¬ 
ponding  to  the  base  in  length  and  the  forward  angle.  The  after 
angle  will  be  made  90  degrees  by  means  of  the  helm,  between  the 
object  and  the  observer  forward  ;  his  angle  being  between  the  object 
determined  upon  and  the  observer  aft,  taken  at  the  precise  time  in¬ 
dicated  by  the  observer  aft. 

110.  No  survey  showing  an  approach  from  the  sea  to  the  land 
that  has  not  the  neighboring  highlands  and  peaks  located  and  the 
height  approximately  marked  on  them,  is  complete.  An.approximate 
height  is  so  readily  determined  that  there  is  no  excuse  for  its  omission. 


PROJECTION  BY  DEVELOPMENT. 
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CHAPTER  X. 

PROJECTION  BY  DEVELOPMENT. 

PROJECTIONS  -  DEFINITIONS  -  PROJECTION  BY  DEVELOPMENT - 

Flamsteed's  and  bonne’s  projections — ordinary  polyconic 

OF  U.  S.  COAST  SURVEY - EQUATIONS  OF  A  MERIDIAN - COMPARISON 

OF  THE  PROJECTIONS  OF  CURVES  WITH  THE  CURVES  ON  SPHEROID - 

SAME  AS  TO  ANGLES  - PROJECTION  OF  THE  SHORTEST  DISTANCE 

BETWEEN  TWO  POINTS.  * 

111.  Suppose  a  polygon  to  be  inscribed  in  the  elliptical  meridian  so 
that  each  side  subtends  an  equal  meridional  arc.  By  revolution  about 
the  polar  axis  the  ellipse  will  describe  the  spheroidal  surface  and  the 
polygon  will  describe  a  series  of  frustums  of  cones.  Evidently  the 
two  surfaces  will  equal  each  other  when  the  arc  of  the  curve  equals 
its  chord.  In  other  words,  we  can  substitute  for  the  elementary 
spheroidal  zone,  the  elementary  conical  surface.  From  this  point 
of  view  the  spheroidal  surface  is  formed  by  the  intersection  of  an 
infinite  number  of  cones  tangent  to  the  surface,  along  successive 
parallels  of  latitude.  These  conical  elements  may  be  developed  on  a 
plane,  and  according  to  the  law  of  their  development,  shall  we  have 
peculiar  properties  in  the  resulting  chart.  If  the  elements  are 
developed  parallel,  and  adjacent  to  each  other,  it  follows  that  the 
resulting  surface  will  be  equal  to  the  surface  of  the  spheroid.  As 
the  elements  may,  under  this  condition,  be  either  straight  or  curved; 
so  we  may  have  any  number  of  charts  of  a  given  spheroidal  surface 
equal  in  area,  and  differing  in  the  curve  in  which  the  parallel  and 
adjacent  elements  are  developed. 
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FLAMSTEED  S  PROJECTION. 

112.  As  instances  of  two  charts  where  the  spheroidal  area  is  repre¬ 
sented  by  an  equal  chart  area  we  instance  Flamsteed’s  and  Bonne’s 
projections.  See  fig.  1,  Plate  VI  for  Flamsteed’s. 

Here  a  straight  line,  N  S,  is  taken  equal  to  the  rectified  arc  of  the 

meridian,  between  the  latitude,  L  and  L'  (in  this  case  equals  A  )  This 

2 

line  represents  the  principal  or  middle  meridian  ;  as  the  conical 
elements  are  developed  equally  to  the  right  and  left  of  N  S,  and  are 
perpendicular  to  it. 

The  conical  elements  here  become  rectangular  elements;  the 
circles  of  latitude  being  developed  as  parallel  straight  lines,  perpendic¬ 
ular  to  the  middle  meridian. 

The  parallels  are  developed  with  their  proper  lengths  ;  therefore,  to 
trace  the  meridians  differing  K  n°  (Iv  being  any  number),  in  longitude 
from  the  middle  meridian ;  divide  the  parallel  whose  length  on  the 

360 

sphere  =  2  tt  x  «  cos  l  (a  being  radius  )  into - parts,  one  of  these 

n° 

distances,  measured  in  its  proper  latitude  on  chart  perpendicular  to 
N  S,  will  give  the  intersection  of  the  fir  fit  meridian  with  such  parallel. 
Any  multiple  of  this  distance  will,  in  like  manner,  give  the  position  of 
a  point  on  the  meridian  K  n°  from  the  middle  meridian  ;  by  laying 
off  points  on  the  different  parallels  we  may  trace  the  meridians  through 
them’.  These  meridians  will  be  curves.  Evidently  if  we  take  S  for 
the  origin,  S  N  and  S  E  axes  of  x  and  y,  respectively,  we  shall  have 
for  the  position  of  any  point,  whose  longitude  from  N  S  is  7i°  and 
wlicse  difference  of  latitude  from  S  is  / 


JL 

X  CC  t  ^  q  q 

n° 

y  =  -  a  x  ^ go o cos  ^ 

which  are  the  equations  of  a  meridian  when  n  is  constant. 

bonne’s  frojection. 

1 13.  In  Bonne’s  projection  (see  fig.  2,  Plate  VI)  the  conical  elements 
are  disposed  of  in  concentric  arcs  of  circle.  The  common  centre  of 
these  arcs  lies  in  the  middle  meridian ;  produced  towards  the  pole 
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and  at  a  distance  from  the  parallel  of  the  middle  latitude  equal  to 
a  x  cot.  latitude.  NS,  as  before,  is  the  rectified  arc  of  the  meridian, 
between  L  &  L',  in  this  case  0°  and  90°.  The  parallel  of  45°  is 
described  with  radius  a  cot.  45°,  and  the  other  parallels  are  described 
from  the  same  centre  with  radii  equal  to  a  cot.  4504h  rectified  arc  of 
meridian  between  latitude  45°  and  that  of  the  required  parallel.  The 
other  meridians  are  traced  by  obtaining  points  in  the  same  way  as 
for  Flamsteed’s  projection. 

Flamsteed’s  projection  is  only  a  particular  case  of  Bonne’s,  where 
the  middle  latitude  is  0°. 

In  Bonne’s  projection  the  meridians  will  be  curves.  The  middle 
meridian  and  all  the  parellels  cut  each  other  at  right  angles  and  are 
projected  with  their  true  lengths.  The  middle  parallel  cuts  all  the 
meridians  at  right  angles.  The  other  parallels  and  meridians  do  not 
cut  at  right  angles.  In  short,  the  projection  is  orthogonal  along  the 
middle  meridian  and  parallel. 

Bonne’s  projection  is  best  adapted  to  represent  a  narrow  zone,  as 
the  meridians  will  cut  the  middle  parallel  at  right  angles. 

Where  there  is  considerable  difference  in  latitude  and  a  moderate 
difference  only  of  longitude  to  be  projected,  it  is  best  to  make  use  of 
the  ordinary  polyconic,  as  the  commendable  characteristics  of  this 
projection  are  independent  of  change  in  latitude,  in  which  respect  it 
differs  from  Bonne’s  projection. 

ORDINARY  TOLYCONIC. 

114.  In  the  ordinary  polyconic  (see  fig.  3,  Plate  VI.),  as  used  by  the 
U.  S.  Coast- Survey,  a  middle  meridian  is  taken  as  for  the  preceding 
cases.  The  conical  elements  are  disposed  in  arcs  of  circles  described 
with  radii  equal  to  a  x  cotangent  of  the  latitude.  The  centres  of  these 
arcs  lie  in  the  middle  meridian  produced,  each  arc  cutting  the  middle 
meridian  at  its  proper  latitude. 

It  will  be  seen  that  these  elements  touch  each  other  only  at  the 
middle  meridian,  since  they  are  described  from  different  centres,  they 
therefore  diverge  from  each  other  as  they  leave  it,  and  consequently 
equality  of  areas  is  not  preserved.  The  parallels  are  projected  in 
their  true  lengths  as  before  and  the  meridians  are  traced  in  the  same 
way. 

ELLIPTICITY  OF  EARTH. 

115.  To  allow  for  the  ellipticity  of  the  earth  (see  fig.  4,  Plate  VI) 
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we  must  use  for  the  radius  of  the  developed  parallel  N  cot  l ,  where 

CL 

(1  -  e1  sin‘J/)x, 

or  is  the  normal  terminating  in  the  minor  axis  and  l  is  the  an^le  it 
makes  with  the  major  axis.  The  rectified  middle  meridian  will  also 
be  different  in  this  case,  as  equal  meridional  distances  do  not  corres¬ 
pond  to  equal  differences  of  latitude  on  the  ellipse.  N  cot  l  —  r  is 
evidently  the  slant  height  of  the  tangent  cone. 


LENGTH  OF  DEVELOPED  PARALLEL. 


The  parallels  on  the  spheroid  have  radii  equal  to  N  cos  l  and  the 
length  of  any  arc  n°  of  a  parallel  will  be  ^  cos  ^ 


SCALE  OF  PROJECTION. 


1 1  G.  In  making  projections  it  is,  of  course,  impossible  to  make 
charts  equal  in  area  to  the  surfaces  they  represent.  They  must  be  many 
times  smaller  for  convenience  of  construction  and  reference.  In 


practice,  they 


seldom  equal 


1 

5000 


the  real  size,  and  then  only  when 


the ’area  to  be  represented  is  only  a  few  square  miles  in  extent. 

This  reduction  is  effected  by  multiplying  the  elements  of  the 

spheroid  by  the  co-efficient  of  the  scale  as  — — - .  We  shall  thus 

1  J  1500000 


reduce  all  magnitudes  to  manageable  dimensions  and  we  shall  really 
produce  a  chart  of  a  spheroidal  surface ;  similar  in  every  respect  to 

that  of  the  earth,  but  only  - - - -  as  lar<je. 

’  J  1500000  * 


CONSTRUCTION  OF  PARALLELS  AND  MERIDIANS. 


117.  In  practice,  it  will  be  found  inconvenient  to  describe  the 
arcs  of  the  parallels  with' radii. 

They  can  better  be  drawn  by  constructing  them  from  their  equa¬ 
tions  which  are  those  of  circles.  We  can  thus  not  oidy  construct  the 
parallels,  but  can  determine  the  points  in  which  the  meridians  intersect 
them  and  then  trace  the  meridians. 


EQUATIONS  OF  A  MERIDIAN. 
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It  will  be  found  more  convenient  to  have  x  and  y,  the  rectangular 
co-ordinates  of  a  point,  expressed  as  functions  of  the  radius  of  the 
parallel  and  the  angle  the  radius  makes  with  the  middle  meridian. 

Plate  VI,  fig.  5.  Let  0  be  this  angle.  Then  taking  the  origin  at  L, 
at  the  point  of  intersection  of  any  parallel  with  the  middle  meridian, 
taking  the  middle  meridian  as  axis  of  y  and  the  perpendicular  through 
L,  as  the  axis  of  x ,  we  shall  have  for  any  point  P,  whose  latitude  is 
L,  and  longtitude  frorfl  the  middle  meridian  nn. 

x  =  Y  P  sin  0  —  N  cot  l  sin  0  (1) 

y  =  Y  P  versin  0  =  N  cot  l  versin  0  (2) 

where  0  is  some  function  of  n  evidently. 

To  determine  the  relation  of  n  and  0,  it  is  only  necessary  to  re¬ 
member  that  the  parallels  are  projected  with  their  true  lengths  ;  in 
other  words,  the  distance  LP,  equals  the  distance  between  the  points 
L  and  P  on  the  spheroid,  measured  on  the  arc  of  the  parallel  passing 

through  L  and  P. 

© 

Therefore,  the  angles  at  the  centres  of  the  two  arcs  will  be  in  in¬ 
verse  proportion  to  the  radii  or 

N  cot  1x0  —  N  cos  l  x  n° 

0  —  n°  sin  l  (3) 

These  three  equations  are  sufficient  to  project  any  point  of  the 
spheroid,  given  by  its  latitude  and  longitude  from  the  middle  meri¬ 
dian. 

By  taking  n  constant,  we  can  find  successive  points  in  the  projec¬ 
tion  of  any  meridian. 

GENERAL  EQUATIONS  OP  A  MERIDIAN. 

118.  Taking  the  origin  at  L,  the  general  equations  of  a  meridian 
will  be 


x  =  N  cot  l  sin  0  (4) 

y  —  rk  S  +  N  cot  l  versin  0  (5) 

0  —  n  sin  l  (6.) 


where  +  S  is  the  distance,  towards  the  pole,  on  the  middle 
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meridian  from  the  origin  to  the  point  where  the  parallel,  of  the  point 
to  be  projected,  cuts  the  middle  meridian.  It  is  therefore  equal  to  the 
arc  of  the  elliptical  meridian  between  the  latitudes  of  origin  and 
point. 

ANGLES  MADE  BY  MERIDIANS  WITII  MIDDLE  MERIDIAN. 

119.  Let  cp  be  the  angle  the  meridian  makes  with  the  middle  meridian 


then  tan  <p 


dx 

dy 


dx  —  cot  /  sin  0  d  N  -f  N  cot  /  cos  0  d  0  —  N  sin  0  cosec 2  l  dl 
dy=dsJrJ$  cot  /  sin  0  d  0  —  N  versin  0  cosec2  l  dl~\- cot  /  versin  0  d  N 


-X 


e/  N  =  d 


a 


(1  —  e2  sin2  l) 


x 


ae2(l  -  e?  sin2  l )  sin  l  cos  l  dl 
1  —  e2  sin2  l 


ae2,  sin  l  cos  l  dl  N3  .  7  7  77 

er  sm  l  cos  i  dl 


(l  -  e2  sin2/)  2 


a2 


dd  —  n  cos  l  dl  ds  =  R™  dl 


where 


R7/j  ==  radius  curvature  meridian  = 


a  (1  —  e2  ) 


(1  -  e3  sin2  /)  2 


see  calculus,  radius  of  curvature. 


tan  <p  = 


N3 


a ■ 


e 2  sin  6  cos2/  +  N  n  cot  /  cos  0  cos  /  —  N  sin  0  cosec2  / 


Ns 

Rm+N  n  cot  /  sin  0  cos  /  -  N  versin  0  cosec2  /  +  —5-  e2  versin  0  cos2  / 

er 


N2  •  o 

e2  sin  0  cos2  /  +  n  cot  /  cos  0  cos  /  -  sin  0  cosec2  / 

a2 


R  N2 

_+  n  cot  /  sin  0  cos  /  -  cosec2  /  versin  0  e2  versin  0  cos2  / 

N  '  cd 


If  e  =  0,  N  =  =  a 


PROJECTION  ORTHOGONAL. 


101 


.’.  tan  <p  = 


9  cos2 1  cos  9  —  sin  9 
9  cos2  L  sin  9  ~  versin  9  +  sin2  l 


gives  the  angle  the  meridian  makes  with  the  middle  meridian  on  the 
polyconic  projection  of  the  sphere.  Taking  the  case  where  l  — 
45°  and  9  —  3°  which  gives  n  =  4.° 2 42  6 

For  the  spheroid  <p  —  177°00,04/'9  + 

For  the  sphere  <p  —  177°00'04.',9  + 


which  values  agreeing  to  the  tenth  of  a  second  may  be  considered 

equal. 

Since  9  -  (180°  -  <f)  =  4".9 


the  projection  may  he  considered  orthogonal. 


ANGLES  RETWEEN  MERIDIANS  AND  RADIUS  OF  PARALLEL. 


120.  Let  p  —  0  —  (180°  -  <p ),  then  tan  p  = 


tan  9  +  tan  o 
1  -  tan  9  tan 


9  —  sin  9 

■  ■■  tan  /y-  =  - Tt - a 

secw  i  —  cos  b 


which  will  give  correct  values  for  the  projection  of  the  sphere,  for 
all  values  of  l  and  n .  If  n  be  not  greater  than  3°.  (9)  will  be  suffi¬ 
ciently  exact  for  the  spheroid  also. 

Evidently  ;±  will  be  zero  at  the  pole. 

l  =  0  the  expression  takes  an  indeterminate  form  ^  but  sub¬ 
stituting  for  sin  9  and  cos  9 


tan  p 


©3 

9  —  9  +  6~  L 


nz  sin3  l  -f- 


Sec2 1-  X  -t- 1  +  c  (tan2 1  +  "  T—  ) 


n3  sin 


l 


6  sec2 1  +  3  n“ 


0  when  l  =  0 


For  latitudes  34°,  35°  and  3G°,  p  is  less  than  one  second  of  arc 
■when  n  equals  three  degrees. 
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ELONGATION  OF  MERIDIANS. 


121.  For  tlie  sphere 

dy  —  dl  (1  -f  n  cot  l  sin  0  cos  l  —  versin  6  cosec2  1) 

and  as  6  and  <p  are  sensibly  equal  within  three  degrees  of  the  middle 
meridian,  since 

dy  sec  <p  —  d  m,  m  being  the  projected  meridian 
d  m—  dy  sec  0  —  dl  (sec  6  +  n  cot  l  tan  0  cos  l  —  (sec  6  —  1)  cosec2  l) 
—  dl  (sec  6  +  cot2 1  tan  0.0  —  (sec  6  —  1)  cosec2 1)  (10) 

When  1=0  this  becomes 


dm  =  dl  (1  +  -),  since 


If  l  =  90°  d  m  =  dl 


or  the  elongation  of  the  meridians  on  the  chart  increases  as  we  recede 
from  the  poles. 

The  differential  equation  showing  the  elongation  of  the  meridian 
on  the  projection  of  the  spheroid  may  be  obtained  in  a  similar  man¬ 
ner,  but  the  ratio  between  the  length  of  a  portion  of  the  meridian  and 
the  length  of  its  projection  may  be  obtained  from  the  projection  tables 
As  we  may  consider  the  projected  meridian  to  be  straight  for  small 
distances,  as  30'  of  latitude. 

Taking  the  latitude  from  0°  to  30'  and  n  =  3°,  we  shall  have 
ly  =  Is  +  3  N  cot  l  versin  6  =  55282  metres  +  76  metres. 

The  first  number  being  the  meridional  arc,  the  second  being  the 
change  in  the  tabulated  value  of  y  for  a  change  of  30'  latitude. 


om  =  ly  sec  6  =  (1  +  _ 


76 


552 82 


Since  0  =  n  sin  l  is  small,  its  secant  can  be  taken  equal  to  unity 


then, 
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dm  =  ds  (1  +  .00137  +) 

The  preceding  formula  (10)  for  the  sphere  gives  for  lat.  1° 
d  m  =  d  l  (1  +  .00137  -f) 

So  within  the  limits  we  have  assumed  there  is  no  appreciable 
difference  between  the  projections  of  sphere  and  spheroid  so  far  as 
the  elongation  of  the  meridian  is  concerned. 


CHANGES  OF  ANGLES  CAUSED  BY  PROJECTION. 

122.  Let  A  be  the  azimuth,  made  by  any  elementary  line  on  the  surface 
of  the  sphere  with  the  meridian  ;  let  dp  be  the  element  of  the  parallel ; 
dl  the  element  of  the  meridian  on  the  sphere,  and  dp '  and  dm  these 
elements  when  projected,  and  let  A'  be  the  projected  azimuth.  Then 
dp  —  dp'  since  the  parallels  are  projected  with  their  true  lengths. 

tan  A  =  tan  A'=  ^ 
dl  dm 

% 

At  the  equator  where  there  would  be  the  greatest  difference 
between  the  angle  and  its  projection  this  becomes 

2 

tan  A'  =  -77— — tan  A 
2  +  nz 

2 

Let  - -  =  a,  then  the  azimuth  that  will  be  most  affected  by  pro- 

2  +  n 2 

jection  will  be  such  an  one  that 

tan  A  =  — j —  tan  45°  ^  - 

\  a  V  a 

If  n  =  3°,  a  =  .99803  +,  and  A  =  45°  01'  10"  and 
tan  A'  =  tan  (45°  01'  10")  x  a,  or  A'  =  44°  58'  49" 

Hence  it  follows,  that  the  maximum  change  caused  by  projecting 
azimuths  will  not  exceed  two  and  one  third  minutes,  if  n  does  not  ex¬ 
ceed  3° 

ANGLE  BETWEEN  MERIDIANS. 

1 23.  The  angle  between  any  two  meridians  on  the  globe  in  lat  l  is 
found  by  the  equation, 
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sin  -J  A  ==  sin  l  sin  ^  n. 

On  the  projection  when  n  is  not  greater  than  3° 

■i  0  —  n  sin  l  —  angle  between  projected  meridians  nearly. 

AT  AO  3  L)  3 

Since  sin  i  n  —  — - +  &c.  and  sin  1  0  = — •  — - 

2  2  48  2  2  48 
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=  sin  4  0-  — sin  l  cos2  l 
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The  second  term  2d  member  will  have  nearly  its  maximum  value 
when  l  =  35° 

Sin  i  A  =  sin  (57'-  22")  -  .000001151 
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or  A  will  differ  from  0  less  than 


10 


when  n  —  3° 


% 

PROJECTION  OF  SHORTEST  DISTANCE  BETWEEN  TWO  POINTS. 

124.  The  co-ordinates  of  the  projection  of  any  point  being  given  by 

x  —  N  cot  l  sin  0 
y  —  N  cot  l  versin  0  +  S 
6  =  n  sin  l 

by  obtaining  the  latitudes  and  longitudes  of  different  points  in  the 
arc  of  the  great  circle,  (Geodesic  line)  between  two  points,  we  can 
compare  the  co-ordinates  of  the  projection  of  these  points  with  the 
co-ordinates  of  a  straight  line,  which  either  passes  through  the 
projections  of  two  extreme  points  of  the  great  circle,  or  cuts  the 
middle  meridian  at  the  same  angle  as  the  great  circle,  which  angle 
will  be  the  same  on  the  projection  as  on  the  spheroid,  as  since  the 
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elements  about  points  in  the  middle  meridian  are  projected  with 
their  true  lengths,  the  equality  of  angles  must  be  preserved. 

A  Geodesic  line  on  the  surface  of  the  spheroid  is  the  shortest  dis¬ 
tance  between  two  points.  It  corresponds  to  the  Great  circle  arc  on 
the  sphere. 

Suppose  through  a  point  on  the  spheroid  whose  latitude  is  /,  the 
surface  of  a  sphere  be  described  with  radius  N,  the  surface  of  this 
sphere  will  cut  the  surface  of  the  spheroid  in  the  parallel  through  the 
point,  since  the  centre  of  the  sphere  lies  in  the  minor  or  polar  axis, 
see  fig  4,  as  do  also  the  centres  of  parallels,  and  since  the  radii  of  the 
parallels  of  spheroid  and  sphere,  passing  through  the  point  are  both 
N  cos  /,  the  two  parallels  must  coincide.  Planes  passed  through  the 
axis  will  cut  sphere  and  spheroid  in  the  meridional  arcs  ;  and  lon¬ 
gitude  from  the  middle  meridian  will  be  the  same  for  both  figures 
since  longitude  is  the  angle  between  these  planes.  Any  plane  passed 
through  the  normal,  will  cut  the  surface  of  the  sphere  in  the  arc  of  a 
great  circle  and  the  spheroid  in  a  line  which  for  three  degrees  will  be 
sensibly  the  geodesic  line.  Within  that  limit  these  lines  may  be  con¬ 
sidered  equal.  (See  Puissant  Traite  de  Geodesie.) 

By  assuming  the  angle  this  plane  makes  with  the  meridian,  we  can 
easily  determine  the  latitudes  of  the  intersections  of  the  great  circle 
arc  with  different  assumed  meridians,  by  the  formula  of  spherical 
trigonometry.  We  should  thus  get  the  departure  in  latitude  of  the 
great  circle  arc  at  the  various  meridians  from  the  latitude  of  the 
origin  (or  from  the  parallel  of  the  point  in  which  it  cuts  the  middle 
meridian.) 

This  departure,  if  expressed  in  linear  units,  would  give  in  those 
units  the  departure  of  the  geodesic  line  from  the  same  parallel  on  the 
same  meridians  of  the  spheroid. 

If  the  change  in  latitude  on  the  spheroid  is  desired,  we  must 
remember  that  latitude  on  the  elliptical  meridian  at  any  point  is 
measured  on  a  circle,  whose  radius  is  RM  ;  and  though  this  radius  is 
constantly  changing,  it  may  be  considered  constant  within  small  limits, 
especially  if  we  take  its  value  always  for  the  middle  latitude  ;  there¬ 
fore,  the  change  in  latitude  on  the  sphere  will  be  to  the  change  of 
latitude  on  the  spheroid  as  Rm :  N. 

This  principle  may  be  thus  expressed  : — 

The  same  distance  measured  on  arcs  of  different  curvature  will 
subtend  angles,  inversely,  proportional  to  the  radii  of  the  arcs  ;  there¬ 
fore,  after  obtaining  the  differences  of  latitude  on  the  sphere,  we  may 
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find  the  differences  on  the  spheroid  by  multiplying  by  >  which 

ratio  can  be  obtained  from  the  projection  tables.  We  shall  then  have 
the  latitudes  and  longitudes  of  the  points  in  which  the  great  circle 
cuts  the  meridians  on  the  spheroid.  These  points  can  then  be  pro¬ 
jected  by  the  projection  tables,  and  we  can  then  see  how  the  line 
drawn  through  the  projections  compares  with  a  straight  line.  For 
instance,  suppose  the  plane  through  the  normal  is  perpendicular  to  the 
meridian. 

Let  the  latitude  of  origin  be  45°N,  the  assumed  meridians 

30',  1°.00,  1°.30',  2°. 00',  3°. 00'. 

The  departures  from  the  parallel  to  the  Sd.  will  be  found  for  the 
sphere  3'/92,  15"72,  35"33,  1'.  2"83,  2'.  21"  45 

For  spheroid  3"  933,  15^773,  35'/ 449,  63'/ 041,  14F'93 

—  S  =  Rm  sin  1"  X  3". 9  &c. 

-  S  =  -  121.41,  -  486.86,  -  1094.2,  -  1945.9,  -  4380.8 
in  metres. 

The  values  of  y  —  N  cot  l  versin  8  can  be  taken  from  the  projec¬ 
tion  tables. 

y  —  122,  486,  1095,  1946,  4378,  in  metres. 

In  this  case  we  shall  have  for  the  ordinates  of  the  projections  of 
the  points  y  —  N  cot  l  versin  8  -  S  when  we  refer  these  points  to  a 
perpendicular  axis  through  45°,  whence  the  ordinates  are 

4-  .59  —  .86  +  .8  -j-  .1  —  2.8  metres. 

As  the  values  of  y ,  in  the  projection  tables,  are  only  given  to  the 
nearest  metre,  these  results  only  determine  the  fact  that  the  projection 
of  the  geodesic  line  perpendicular  to  the  meridian  in  latitude  45°  does 
not  depart  from  the  line  perpendicular  to  the  middle  meridian,  an 
amount  equal  to  a  metre,  until  it  has  reached  beyond  the  meridian  of 
2°  ;  and  its  departure  on  the  meridian  of  3°  is  less  than  three  metres. 

As  this  amount  would  not  be  appreciable  on  any  chart  which  would 
have  an  amplitude  of  six  degrees  longitude,  we  may  say  that  the  pro¬ 
jection  of  the  great  circle  is  a  straight  line  within  the  limits  we  have 
taken.  Since  the  same  would  be  true  of  the  line  and  great  circle  on 
the  other  side  of  the  middle  meridian,  it  follows  that  the  projection  of 
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the  great  circle  passing  through  two  points  on  the  same  parallel 
whose  longitudes  are  3°  E  and  39  W,  will  be  a  straight  line. 

In  a  similar  manner  it  may  be  shown  that  when  the  great  circle 
makes  an  angle  of  45°  with  the  meridian,  the  projection  of  the  geo¬ 
desic  line  of  the  same  length  as  before  considered  sensibly  coincides 
with  a  straight  line.  The  length  of  the  lines  considered  is  about  one 
hundred  and  forty  miles. 

In  latitude  80°  the  projection  of  the  point  in  which  the  geodesic 
line,  perpendicular  to  the  middle  meridian,  cuts  the  meridian  4°  from 
it,  falls  only  6.6  metres  from  the  line  drawn  on  the  projection  perpen¬ 
dicular  to  the  meridian  at  latitude  80°.  The  length  of  the  geodesic 
line  from  middle  meridian  to  point  of  intersection  in  this  case  is 
about  48  miles. 

In  addition  to  the  greater  uniformity  of  scale  the  above  examples 
show  the  advantages  the  polyconic  possesses  over  Mercator’s  projection 
for  surveying  purposes. 

Instead  of  the  great  circle  arc  perpendicular  to  the  meridian  in  lati¬ 
tude  45°  being  projected  sensibly  as  a  straight  line,  on  the  Mercator 
projection,  it  will  be  projected  as  a  curve  which  in  longitude  3°  will 
deviate  from  the  straight  line  perpendicular  to  projection  of  meridian 
nearly  4381  metres  x  sec  latitude. 

In  latitude  5°  the  projection  of  the  perpendicular  great  circle  arc 
sensibly  coincides  with  the  perpendicular  straight  line  for  3°  of  longi¬ 
tude. 

GENERAL  CONCLUSIONS. 

125.  We  see  from  what  has  been  shown  that  the  ordinary  polyconic 
projection,  when  its  amplitude  in  longitude  does  not  exceed  3°  from 
the  middle  meridian,  has  the  following  properties.  It  is  well  adapted 
to  all  parts  of  the  earth,  but  best  to  the  polar  regions. 

The  meridians  make  practically  the  same  angle  with  each  other, 
and  with  the  parallels  as  on  the  sphere. 

Angles  will  be  projected  with  but  little  change. 

The  great  circle  (geodesic  line)  will  be  projected  as  a  straight  line 
practically  equal  to  itself. 

RECTANGULAR  POLYCONIC. 

126.  The  rectangular  polyconic  of  the  British  War  Office  is  a  pro¬ 
jection  where  the  parallels  are  described  as  before,  but  as  the  meridians 
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must  cut  them  at  right  angles,  they  are  no  longer  projected  in  their 
exact  length,  and  6  is  determined  from  the  new  condition  imposed, 
that  of  rectangularity. 

For  particulars  as  to  this  projections  see  Traite  des  Projections  des 
Cartes  Geographiques.  Par  A.  Germain.  Arthur  Bertrand ,  Bditeur, 

Paris. 
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CHAPTER  XI. 

RUNNING  SURVEY. 

GENERAL  METHOD  OF  RUNNING  SURVEY - PRECAUTIONS  AS  TO 

OBSERVATIONS - PLOTTING  AND  BALANCING  THE  WORK. 

GENERAL  OBSERVATIONS. 

% 

127.  Could  the  reckoning  of  a  ship  be  accurately  kept  as  she  ran  along 
a  coast  we  could  evidently  make  a  very  good  chart  of  it,  simply  by 
taking  accurate  bearings  of  various  points  on  the  shore  line  and  noting 
the  time.  The  track  of  the  ship  would  be  a  base  line,  the  intersec¬ 
tions  of  the  bearings  would  fix  the  positions  of  the  shore  line.  Having 
determined  the  latitude  and  longitude  accurately  by  observation  at  in¬ 
tervals  of  forty  or  sixty  miles,  the  intervening  points  could  be  plotted 
by  plane  sailing.  Now  we  can  determine  the  bearing  of  any  terres¬ 
trial  object  from  the  ship  with  great  accuracy  by  the  astronomical 
method,  but  owing  to  currents,  lee  way,  and  difficulties  in  steering, 
can  not  depend  on  the  accuracy  of  the  track  base.  Neither  can  we 
multiply  our  astronomical  stations  for  the  determination  of  latitude  and 
longitude,  for  each  such  determination  has  errors  peculiar  to  the 
method  used,  and  by  reducing  the  interval  between  astronomical 
stations  we  should  soon  reach  a  condition  of  affairs  when  the  distance 
between  stations  could  be  more  accurately  determined  by  the  patent 
log  than  by  observation.  In  other  words  the  absolute  error  in  the 
determination  of  the  length  of  the  astronomical  base  (which  is  in 
reality  the  distance  between  the  astronomical  stations)  is  no  greater, 
necessarily,  when  such  base  is  a  thousand  miles  long  than  when  it  is 
five  miles  long ;  but  evidently  the  proportional  error  is  very  much 


110 


MARINE  SURVEYING. 


less.  We  should  therefore  seek  to  reduce  the  errors  of  positions 
determined  by  astronomical  observation  to  a  minimum,  therefore  the 
observations  should  be  made  ashore,  with  the  transit  and  zenith  tele¬ 
scope  if  possible,  otherwise  reflecting  instruments  and  the  artificial 
horizon  may  be  used,  in  which  case  the  Pistor  and  Martin  prismatic 
circle  may  be  used,  as  its  power  of  measuring  angles  of  180°  with 
accuracy,  would  enable  us  to  observe  bodies  near  the  zenith,  thereby 
reducing  the  probable  error  of  refraction. 

Landing  will  often  be  difficult,  sometimes  impossible,  in  which 
case  the  position  must  be  determined  by  altitudes  from  the  sea 
horizon. 


CARE  AS  TO  OBSERVATIONS. 

128.  We  can  not  hope  for  very  accurate  results  from  such  obser¬ 
vations  and  should  be  careful  to  take  the  following  precautions.  The 
vessel  should  anchor  so  her  postion  may  be  fixed  by  angling  on  shore 
marks,  and  so  as  to  have  as  great  an  extent  of  clear  sea  horizon  as  pos¬ 
sible.  If  possible,  time  positions  should  always  depend  on  observations 
at  equal  altitudes  on  opposite  sides  of  the  meridian,  latitude  positions 
on  equal  altitudes  on  the  meridian  north  and  south  of  the  zenith.  The 
effects  due  to  errors  in  the  dip-tables  should  be  checked,  either  by 
simultaneous  fore  and  back  observations,  or  by  measuring  the  angle 
between  opposite  points  of  the  the  horizon  with  a  prismatic  circle. 
This  angle  will  evidently  be  180°  +  2  dip. 

'Owing  to  obscurity  of  the  sea  horizon  at  night  we  shall  seldom  be 
able  to  obtain  equal  and  opposite  meridian  altitudes  for  latitude. 

The  above  rules  for  observations,  save  as  to  the  dip,  will  apply 
to  observations  taken  ashore. 

ACCURACY  OF  WORK. 

129.  As  the  navigator  will  not,  in  general,  be  able  to  fix  his  posi¬ 
tion  with  as  much  accuracy  as  we  have  fixed  the  positions  of  our  sta¬ 
tions,  even  when  we  have  been  prevented  from  landing,  it  follows,  if  we 
can  fill  in  the  detail  of  the  coast  with  accuracy  (that  is  so  that  the  ab¬ 
solute  error  in  the  distance  between  two  astronomical  stations  may  be 
distributed  proportionally  along  the  coast  between  them),  we  shall 
have  a  chart  whose  accuracy  of  shore  line  and  hydrography  will  be 
equal  to  any  test  that  he  can  give  it.  In  other  words,  we  may  make 
an  accurate  chart  of  a  coast  without  landing  upon  it  if  we  can  elimi- 
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nate  the  ordinary  errors  of  the  run  of  the  ship  between  stations.  We 
can  almost  entirely  do  this  when  the  coast  presents  a  succession  of 
views  of  prominent  objects  by  the  following  method  : — • 

EXPLANATION  OF  METHOD. 

130.  In  the  sketch,  Plate  VII.,  O  represents  the  station  occupied,  and 
whose  latitude  and  longitude  are  accurately  determined  by  observa¬ 
tion. 

The  ship  leaves  her  anchorage  at  O,  leaving  a  party  ashore  ;  she 
proceeds  to  some  point  A,  in  as  direct  a  course  as  possible.  The  dis¬ 
tance  OA  should  be  such  as  to  form  well  conditioned  triangles  with  the 
directions  of  the  prominent  objects  ashore,  as  a ,  b,  c,  d ,  r,  &c. 

On  reaching  A  she  may  anchor  or  not ;  in  either  case,  at  a  given 
signal,  simultaneous  angles  are  observed  at  A,  between  O,  and  the 
above  points  ;  at  O  the  observers  measure  the  angles  between  the 
points  and  A  ;  an  astronomical  bearing  of  one  of  the  points  is  taken 
at  the  same  time  either  at  O  or  A. 

The  ship  then  goes  to  B,  steering  on  the  range  c  d.  The  shore  party 
proceed  along  the  coast  by  boat,  angling  on  the  points  a,  b,  c,  d ,  r,  &c., 
and  sounding ;  the  ship  sounds  constantly,  noting  the  times.  On 
arriving  at  B,  the  ship  takes  the  astronomical  bearing  of  any  two 
points,  as  a  and  d,  or  measures  the  angles  between  three  points  as  O, 
a ,  and  d ;  at  the  same  time  angles  are  measured  between  any  one  of 
these  points  and  some  new  objects  which  have  just  come  in  sight,  these 
are  e,  r',  and  f 

The  vessel  then  goes  to  C,  steering  on  a  range  if  possible ;  at  C 
she  takes  astronomical  bearing  of  d,  and  measures  the  angle  between 
c  and  d ,  this  will  fix  her  position  in  reference  to  those  points.  At  the 
same  instant  the  angles  between  e,  r'  andy*,  and  <f,  or  c  are  measured, 
these  will  fix  e,  r',  and  f  At  the  same  instant  the  angles  made  by  the 
points  r",  g,  h  which  have  now  become  visible  are  measured. 

The  ship  then  goes  to  D,  fixes  her  position  by  astronomical  bear¬ 
ing  of  a  known  point  and  the  angle  between  it  and  another  known 
point,  and  by  simultaneous  angles  on  the  points  r",  g ,  h,  fixes  their  posi¬ 
tions,  which  in  turn  will  serve  to  fix  new  positions  of  the  ship,  and  the 
places  of  other  points  which  come  in  sight  as  the  ship  goes  towards  O'. 
On  arriving  off  O',  the  ship  anchors,  sends  a  party  ashore,  and  O'  is 
fixed  by  observations  on  the  ship  and  fixed  points.  The  latitude  and 
longitude  of  O'  are  accurately  determined  by  observation. 
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It  would  have  been  well  if  a  reconnoisance  of  the  coast,  between 
O  and  O',  had  been  made  the  day  before  the  survey  commenced* 
Compass  bearings  of  different  landmarks,  as  well  as  sextant  angles  and 
the  patent  log  would  have  enabled  us  to  make  a  sketch  of  the  coast 
which  would  have  been  of  great  assistance  in  the  survey.  The  astro¬ 
nomical  positions  of  O,  and  O',  would  have  been  determined  by  sea 
observations,  and  we  could  then  have  selected  a  middle  meridian  of  a 
polyconic  chart  so  that  O  and  O'  could  be  projected  having  equal  longi¬ 
tudes  in  reference  to  it.  O  and  O'  should  never  have  a  greater  differ¬ 
ence  of  departure  than  sixty  miles  on  account  of  the  projection,  but 
the  difference  of  latitude  between  the  points  may  be  no  more  than  ten 
miles,  if  the  pos’tions  are  determined  by  good  observers  with  the  zenith 
telescope.  But  we  must  remember  that  the  great  trouble  in  the  sur¬ 
vey  will  be  in  landing.  It  will  most  always  be  inconvenient  and  often 
dangerous,  therefore,  we  must  take  advantage  of  favorable  opportuni¬ 
ties,  such  as  good  weather,  sheltered  coves,  &c.,  to  determine  our  shore 
positions,  considering  sixty  miles  as  the  extreme  limit  that  should  exist 
between  shore  stations,  but  preferring  that  they  should  be  thirty  miles 
apart. 

The  amount  of  coast  surveyed  each  day  will  depend  entirely  on 
the  detail ;  the  more  lines  run  and  soundings  made  the  less  will  be  the 
progress  down  the  coast. 

The  surveyor  should  remember  that  satisfactory  results  will  be 
much  more  apt  to  follow  careful  work,  as  the  additional  data  will  give 
more  checks.  Therefore,  often  the  ship  may  be  several  days  in  going 
from  station  to  station.  She  should  anchor  every  night  and  check 
her  position  by  observation  whenever  it  can  be  done  under  favorable 
circumstances. 


PLOTTING  THE  WORK. 

131.  Let  us  a£ain  refer  to  Plate  VII. 

Before  leaving  0,  we  should  have  determined,  either  from  the 
reconnoissance  or  other  sources  of  information,  what  would  be  the 
probable  extent  and  direction  of  coast  to  the  next  shore  station.  A 
polyconic  chart  to  include  the  coast,  scale  depending  on  the  extent 
of  coast  to  be  projected,  the  greater  the  extent  of  coast  the  smaller 
its  scale,  should  have  been  constructed,  and  O  projected  with  its 
proper  latitude  and  longitude.  The  middle  meridian  should  be 
assumed  half  way  between  0  and  O'. 
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The  distance  O  A  in  units  of  the  chart  scale  should  have  been 
determined  either  by  angles  from  a  measured  base  at  O,  mast  head 
angle,  or  by  the  patent  log.  The  vessel  might  have  run  out  on  a 
range,  to  a  point  where  it  was  cut  by  another  range,  hauling  in  and 
reading  the  patent  log  at  the  instant  of  crossing  the  2d  range,  when 
angles  are  taken,  then  turning  and  going  back  on  first  range,  putting 
over  the  log  at  time  of  crossing  2d  range,  she  returns  to  point  of 
departure  determined  by  a  buoy ;  the  mean  of  patent  log  readings 
will  give  in  connection  with  distance  from  buoy  to  O  the  distance 
O  A. 

The  distance  O  A,  can  then  be  plotted  with  its  proper  azimuth, 
and  the  points  a,  b,  c,  d,  r,  determined  by  the  angles  from  O  and  A, 
being  plotted  by  protraction. 

132.  We  supposed  the  ship  went  directly  from  A  to  B.  Evidently  as 
she  can  now  fix  her  position  at  any  moment  by  angles,  it  is  not 
necessary  that  she  should  proceed  to  any  particular  point.  Her 
movements  may  now  be  governed  by  two  considerations  only. 

1st.  The  triangles  formed  by  the  points  ashore  and  her  positions 
should  be  well  conditioned,  and  angles  to  all  new  points  should  be 
well  conditioned.  This  rule  should  always  apply,  whether  the  survey 
is  to  be  minute  or  not. 

2d.  The  number  of  the  lines  beyond  those  necessary  to  fulfil  the 
first  condition,  will  be  proportional  to  the  time  to  be  devoted  to  the 
work. 

In  carrying  out  the  1st  condition  it  is  evident  a  preliminary  sketch 
of  the  coast  would  be  very  useful. 

B,  C,  D,  E,  F,  together  with  the  various  shore  points,  are  plotted 
either  by  astronomical  bearing  of  a  known  point  and  the  angle  between 
it  and  another  known  point,  or  by  the  three-point  problem. 

ASTRONOMICAL  BEARING. 

133.  The  astronomical  bearing  is  preferred,  as  by  plotting  from 
the  particular  meridian  of  the  place  where  it  was  observed  ;  as  we 
change  our  longitude,  we  allow  for  the  convergence  of  the  meridians. 
Therefore,  if  the  sun  is  over  the  land,  the  eye  must  be  placed  as  low 
as  possible  and  the  observation  corrected  for  the  dip  of  shore  line,  or 
time  azimuths  should  be  used.  As  the  time  can  be  very  correctly 
determined  twice  a  day  without  landing,  and  as  the  change  of  longi¬ 
tude  is  known,  and  as  the  chronometers  will  be  of  the  best,  the  time 
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azimuth  will  probably  give  the  best  results.  It  should  always  be 
used  in  preference  to  the  other  as  the  sun  approaches  the  meridian. 

If  possible  it  would  be  best  in  practice  to  determine  the  position 
of  prominent  land  marks  by  astronomical  bearing,  in  the  morning 
and  evening  when  the  sun  is  low.  These  objects  can  give  good  posi¬ 
tions  for  the  ship  and  consequently  to  new  objects  as  they  come  in 
sight,  and  we  can  thereby  avoid  the  use  of  the  sun  for  determination 
of  bearings  when  its  altitude  becomes  so  great  as  to  give  unsatisfac¬ 
tory  results. 

From  art.  279,  Coffin,  we  see  that  the  problem  becomes  indetermi¬ 
nate  when  the  great  circle,  passing  through  sun  and  object,  is  perpen¬ 
dicular  to  horizon. 

As  this  problem  is  discussed  in  the  work  referred  to,  it  will  not  be 
here  ;  but  the  attention  of  the  surveyor  is  particularly  called  to  these 
facts. 

As  his  results  depend  entirely  on  the  accuracy  with  which  the 
astronomical  bearing  is  determined,  he  should  understand  the  problem 
thoroughly ;  he  will  then  select  the  method  that  will  give  the  best 
result,  and  when  the  probable  error  exceeds  what  he  has  determined 
to  be  the  limit,  should  interrupt  his  operations  till  a  more  favorable 
time. 

In  all  that  has  preceded,  we  have  only  mentioned  the  sun,  in  con¬ 
nection  with  the  astronomical  bearing,  but  simply  because  generally 
it  will  be  used.  Often  the  moon  and  planets  will  give  better  results 
and  should  be  used  in  preference  to  the  sun. 

'  BALANCING  THE  WORK. 

134.  When  we  plot  O'  as  determined  by  observation,  we  shall 
most  likely  find  that  its  position  differs  materially  from  the  one  given 
by  the  triangulation  from  O.  We  must  therefore  balance  the  work 
to  make  the  two  positions  co-incide. 

From  chap.  X  we  have  as  follows  : — 

The  straight  line  00',  on  the  Polyconic  chart,  within  the  limits 
assumed,  is  the  projection  of  the  great  circle  through  those  points. 
The  lines  OA,  AB,  BC,  &c.,  are  likewise  projections  of  great  circles 
through  A,  B,  C,  &c. 

The  angles  between  these  arcs  are  not  sensibly  altered  by  projec¬ 
tion  ;  neither  do  the  projections  sensibly  differ  in  length  from  the 
arcs  themselves.  We  may  therefore  balance  the  work  in  a  similar 
manner  as  we  would  in  plane  surveying. 
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Draw  a  straight  line  through  0  O',  and  measure  the  inclinations 
of  all  the  lines  OA,  AB,  BC,  &c.,  to  the  line  O  O'.  Let  these 
inclinations  be  I,  I',  I",  &c.,  then  the  diff.  lat.#  for  AO  for  instance  = 
A  O  x  cos  L  The  departure  =  AO  x  sin  I,  and  so  on  for  the 
other  sides. 

The  sum  of  the  latitudes  should  equal  0  O'  and  the  sum  of  the 
departures  should  be  zero  if  the  determination  of  O'  by  observation 
and  trian filiation  agreed. 

o  o 

Each  partial  diff.  lat.  and  departure  will  be  corrected  by  the 
quantities  obtained  as  follows  : — 

[AO  -f-  AB  -j-  BC  -f-  &c.]  :  AO  =  Total  error  in  lat. :  correction  for  lat.  of  AO 
[AO  -f-  AB  -j-BC-f-  &c.]  :  AO  =  Total  error  in  dep. :  correction  for  dep.  of  AO 

From  the  new  values  of  the  diff.  of  lat.  and  departure  for  A  0, 
A  B,  B  C,  &c.,  new  values  for  them  and  I,  I',  I",  &c.,  are  to  be  obtained 
from  the  traverse  table.  The  work  is  then  to  be  replotted,  the  new 
lines  A  O,  A  B,  B  C,  &c.,  being  considered  the  bases,  and  the  angles 
to  the  shore  points  being  taken  the  same  as  before.  These  lines  A  O, 
A  B,  B  C,  &c.,  are  to  be  plotted  by  their  inclinations  to  line  through 
00',  and  their  correct  lengths  taken  from  the  scale.  The  points  O, 
O',  are  to  be  taken  (in  their  proper  latitudes)  so  they  have  equal 
longitudes  from  the  middle  meridian.  The  shore  line  would  be 
sketched  in,  and  soundings  not  fixed  by  angles  would  be  put  in,  in  the 
usual  manner,  spaced  between  principal  points  by  proportion. 

135.  In  balancing  the  work,  we  have  assumed  that  the  errors  are 
proportional  to  the  lines  0  A,  A  B,  &c.  Of  course  if  O  A  was  not 
correctly  measured,  the  work  could  not  close. 

Often,  however,  certain  points  as  D,  for  instance,  are  determined  by 
small  angles,  and  may  be  assumed  to  be  erroneously  determined  for 
that  cause,  and  it  might  be  well  to  assign  an  arbitrary  compensation 
to  D,  or  to  say  that  compensationAvas  directly  proportional  to  the 
length  of  a  line  and  inversely  proportional  to  the  angle  that  determined 
its  extremity  considering  the  right  angle  the  greatest.  The  patent 
log  should  be  used  and  its  readings  would  act  as  checks.  F or  instance, 
if  the  patent  log  agreed  well  with  the  distances  B  C,  D  E,  but  disagreed 
with  C  D,  as  determined  from  the  chart,  we  should  be  justified  in 
giving  greater  compensation  to  C  D  than  to  the  other  lines. 

*  The  term  diff.  lat.  and  departure  are  only  used  as  they  concisely  express  the  idea. 
We  really  get  the  projections  of  the  lines  on  O  O'  and  on  a  perpendicular  to  O  O'. 
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CHECKING  POSITIONS. 

136.  Another  way  of  checking  positions  will  be  by  determining  the 
vertical  heights  of  prominent  points,  and  using  these  heights  after¬ 
wards  to  check  distances.  For  instance,  if  the  height  of  e  had  been 
determined  at  B,  by  taking  its  vertical  angle,  the  distance  deduced 
from  the  vertical  angle  of  e,  as  seen  at  D,  would  serve  as  a  check  on 
the  position  of  D. 

137.  It  would  always  be  well  to  avoid  small  angles  by  the  follow¬ 
ing  precaution.  On  approaching  a  point,  such  as  D,  where  it  is 
evident  the  angles  measured  between  known  points  will  be  small,  a 
boat  should  be  sent  to  some  point  x ;  the  boat  fixes  her  position  with 
good  angles,  at  the  same  time  the  ship  angles  on  the  fixed  points  and 
the  boat. 

BOAT  WORK. 

138.  But  little  has  heretofore  been  said  about  the  work  of  the  boat  or 
boats  during  the  survey.  Evidently  the  ship  can  do  all  that  has 
been  described  with  but  little  assistance  from  the  boats,  but  as  we 
make  the  survey  more  minute,  so  will  the  boats  become  more  useful. 
If  all  the  lines  run  by  the  ship  were  similar  to  O  A,  and  A  B,  off  and 
on  the  coast,  making  a  series  of  triangles  as  nearly  equilateral  as 
possible,  the  boat  would  do  good  service  by  sounding  the  interior  lines 
as  O  B,  or  the  bases  of  the  triangles.  The  boat  and  ship  would 
communicate  at  B,  when  the  points  to  be  angled  on  for  the  next 
triangle  could  be  named.  In  other  words,  the  snecial  work  of  the 
ship  would  be  to  run  the  outside  lines  of  soundings,  fix  and  name  the 
prominent  shore  stations,  or  objects,  which  she  can  better  do,  as  she 
changes  her  position  more,  and  will  more  often  have  a  clear  horizon. 
The  boat,  by  communicating  with  the  ship,  would  obtain  a  rough 
sketch  of  the  coast  and  the  positions  and  names  of  prominent  marks, 
and  would  run  her  lines  of  soundings  by  angling  on  these  marks. 

After  the  final  adjustment  on  the  projection  of  the  principal  shore 
points,  the  various  lines  run  by  the  boat  may  be  plotted  by  means  of 
the  protractor. 


GENERAL  RULES. 

139.  The  following  general  rules  may  be  given  : — 
Avoid  as  much  as  possible  angles  less  than  30°. 
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Note  transits  and  tangents. 

O 

When  the  position  of  any  point  is  determined,  determine  its 
height,  always  correcting  for  the  terrestrial  refraction  and  dip  of  shore 
line  and  curvature  of  earth. 

Steer  as  much  as  possible  on  ranges,  noting  the  compass  course, 
the  track  of  the  ship  will  then  be  a  straight  line  and  the  soundings 
will  be  more  accurately  plotted.  If  you  cannot  get  a  range,  keep  a 
point  on  the  same  compass  bearing,  to  effect  the  same  object.  The 
length  of  the  lines  of  triangulation  made  by  the  ship  will  depend  on 
the  distinctness  of  the  objects  viewed,  they  would  generally  be  less 
than  five  miles  long. 

Keep  three  known  objects,  subtending  angles  over  30°,  constantly 
in  view ;  whenever  a  new  point  appears,  whose  direction  makes  an 
angle  of  30Q  with  direction  of  ship’s  track,  determine  its  direction 
and  position  of  ship.  Again  determine  its  direction  in  reference  to 
known  points,  and  change  course  before  the  angles  between  known 
points  become  30°. 

Angles  between  two  known  points  and  an  astronomical  bearing  of 
one  of  them  will  fix  the  position  of  the  ship.  As  there  is  no  ambig¬ 
uity  attached  to  this  method  as  is  frequent  when  three  points  are 
angled  on,  it  must  be  constantly  used.  As  good  results  cannot  be 
expected  to  be  obtained  by  inexperienced  observers,  however  able 
they  may  be,  as  the  success  does  not  depend  so  much  on  individual 
ability  as  on  concerted  and  well  directed  action,  it  follows  that  the 
observers  should  be  thoroughly  drilled  before  the  actual  work  of  the 
survey  commences.  This  can  best  be  done  by  going  over  the  lines 
several  times  in  the  immediate  vicinity  of  the  extremity  ;  comparison 
of  results  will  expose  errors  and  make  the  method  familiar,  and 
demonstrate  the  decree  of  confidence  with  which  to  regard  it.  A 
mountain,  far  inland,  can  be  fixed  in  position  by  astronomical  bearings 
from  the  shore  stations  ;  its  bearing  at  intermediate  points  will  check 
those  points.  The  rule  in  regard  to  angles  applies  here. 

No  point  should  be  fixed  by  lines  making  a  less  angle  than  30°,  if 
the  survey  furnished  larger  angles.  In  other  words,  rather  than  fix 
the  position  of  a  point  from  a  short  base  line,  expand  your  base  line 
by  the  triangulation,  and  consider  the  point  fixed  by  the  best  angles. 
If  the  coast  presented  successive  views  of  prominent  objects,  such  as 
mountains,  rocks,  cliffs,  &c.,  visible  at  a  great  distance,  as  fifteen  or 
twenty  miles,  three  of  which  would  always  be  in  sight,  the  track  tri" 
angles  must  be  larger  and  would  enclose  a  smaller  triangulation  to 
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give  the  details  of  the  coast.  The  rule  in  reference  to  angles  will 
determine  the  length  of  sides. 

Whenever  the  ship  anchors,  currents  should  be  observed,  and  the 
rise  and  fall  of  the  tide  by  pressure  gauge. 

The  principal  points  determined  each  day  should  be  plotted  imme¬ 
diately,  and  a  sketch  made  for  the  boats  and  general  reference. 

RESULT  NOT  AFFECTED  BY  ERROR  IN  ORIGINAL  BASE  LINE. 

140.  It  will  be  seen  from  the  preceding  pages  that  the  positions  of 
points  are  made  to  depend  on  the  distance  between  the  shore  stations 
as  determined  astronomically.  These  distances  from  point  to 
point  are  independent  of  the  original  base  line  OA.  Distances  by 
patent  log  and  compass  courses  are  only  used  as  checks. 

SPECIAL  CASES. 

141.  If  at  either  astronomical  station  a  shore  trianmilation  be 

© 

established,  as  a  harbor  survey,  whence,  by  an  expanded  base,  the 
positions  of  peaks  are  determined  by  well  conditioned  triangles,  then 
the  various  positions  of  the  ship,  fixed  from  these  peaks,  may  be  con¬ 
sidered  correct,  and  the  triangles  about  the  station  plotted  without 
change. 

For  instance,  PI.  VII.  If  ,by  an  accurately  measured  base  at  0, 
the  positions  of  a,  b,  c,  d,  be  determined,  the  positions  of  A,  B,  C,  deter¬ 
mined  from  them  as  well  as  r,  r',  e,f  may  be  considered  correct  and 
plotted  without  change.  Compensation  must  then  be  made  between 
*  C  and  O'  in  the  manner  before  described. 

If  at  O'  there  also  be  a  measured  base  whence  the  positions  of 
peaks  are  determined,  that  portion  of  the  triangulation  from  either 
point  towards  the  other  that  depends  on  well  determined  points  may 
be  plotted  as  correct.  As  the  two  triangulations,  when  brought  to  the 
same  intermediate  point,  will  not  agree,  a  certain  portion  of  the  triang¬ 
ulation  about  such  point  should  be  balanced,  as  before  described. 
Should  any  portion  of  the  coast  between  astronomical  stations  be 
without  natural  signals,  the  triangulation  would  be  carried  from  the 
origin  as  far  as  may  be  considered  accurate  (till  angles  between 
known  objects  measure  15°),  and  further  positions  fixed  by  dead 
reckoning. 

If,  before  reaching  the  other  astronomical  station,  other  signals 
come  in  sight  the  triangulation  should  re-commence. 

We  can  then  plot  the  triangulation  from  each  station  and  connect 
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by  dead  reckoning,  balancing  as  before  or  giving  greater  compensation 
’M  distances  determined  bv  dead  reckoning. 

Cases  may  arise  where  the  triangulation  must  be  connected  with 
the  origins  by  dead  reckoning.  Even  in  such  cases  the  chart  will  be 
of  the  greatest  use  to  the  navigator  ;  for  should  he  plot  his  position  on 
it  by  cross  bearings  of  any  of  the  natural  signals  used  in  the  survey, 
such  position  will  give  the  correct  bearing  of  dangers,  though  the 
distances  as  given  by  the  chart,  will  most  likely  be  incorrect. 

Correct  bearings  are  of  the  utmost  importance  in  a  survey. 
Distances,  are  of  secondary  importance,  since,  owing  to  currents,  the 
"peed  of  the  ship  is  approximate. 

PROJECTION  PLACED  ON  PLOT  OF  TRIANGULATION. 

142.  If  working  in  low  latitudes  or  in  the  direction  of  the  meridian 
in  high  latitudes  the  convergence  of  the  meridians  can  be  neglected. 

We  then  plot  the  triangulation  on  plain  paper,  and  afterwards  put 
the  polyconic  projection  on  it  so  that  the  extreme  points,  which  we 
shall  call  0  and  O'  may  be  projected  in  their  proper  latitudes  with  equal 
longitudes  from  the  middle  meridian.  By  this  means  compensation 
is  made  to  all  the  lines  of  the  triangulation. 

To  do  this,  plot  on  a  polyconic  chart  the  positions  of  O,  O'  as 
determined  by  observation,  their  longitudes  from  middle  meridian 
being  equal. 

Draw  a  straight  line  through  these  points,  determine,  by  measure¬ 
ment,  the  length  in  metres  of  its  representative  on  spheroid,  which  call 
a.  Measure  the  angles  this  straight  line  makes  with  the  co-ordinates 
of  the  points. 

On  the  plain  paper,  having  the  triangulation  on  it,  draw  a  straight 
line  through  0  and  O',  measure  its  length  in  metres.  Call  this  b,  then  — 

represents  the  co-efficient  of  the  scale  of  the  desired  projection.  By 
laying  down  the  co-ordinates  of  0,  O',  as  taken  from  tables  and  re¬ 
duced  by  co-efficient  of  scale,  making  the  same  angles  with  line 
through  0,  O'  as  were  measured  on  the  chart,  we  fix  the  middle 
meridian  and  points  in  which  parallels  through  O  and  O'  cut  it.  Other 
parallels  and  meridians  can  then  be  drawn  if  desired. 

For  further  information  in  regard  to  running  surveys,  the  student 
is  referred  to  Hydrographic  Office  publications,  Nos.  4  and  36,  and 
“  Directions  as  to  the  Running  Survey  of  the  Mexican  Gulf  Coast.” 
Also  to  the  directions  given  in  the  Deck  Board  and  Angle  Book  issued 
by  same  office. 
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CHAPTER  XII. 

THE  PORTABLE  TRANSIT - GENERAL  DESCRIPTION - ADJUSTMENTS - 

POINTING — DETERMINATION  OF  VALUE  OF  TURN  OF  AZIMUTH 

SCREW - EQUATORIAL  INTERVAL  OF  THREADS - REDUCTION  TO 

MERIDIAN - DETERMINATION  OF  CONSTANTS  a ,  b,  C. 

GENERAL  DESCRIPTION.  (See  PLATE.) 

143.  The  smaller  of  the  portable  transit  instruments  used  by  the 
U.  S.  Government,  built  by  Wurdemann,  of  Washington,  has  a  teles¬ 
cope  of  26  inches  focal  length  with  2  inch  aperture  and  magnifying 
power  of  about  40.  The  frame  made  light  and  very  stable  consists  of 
a  horizontal  portion  fitted  with  two  levels  at  right  angles  to  each  other 
and  three  foot  screws  by  means  of  which  it  may  be  levelled.  At  the 
extremities  of  this  horizontal  portion  are  hinged  the'  two  standards 
fitted  with  braces,  which  set  up  firmly  by  means  of  screws,  against  two 
studs  in  the  lower  part  of  the  frame.  On  removing  these  screws  the 
braces  fold  in  upon  the  standards  and  these  latter  down,  so  that  the 
entire  frame  may  be  packed  in  a  box  together  with  the  telescope  conve¬ 
nient  for  transportation. 

To  the  upper  end  of  each  standard  is  attached  a  Y,  or  the  carefully 
manufactured  bearing  for  the  extremity  of  the  horizontal  axis.  One 
of  these  Ys  is  fitted  so  that  a  fine  motion  screw  with  micrometer  head 
gives  an  accurately  measured  motion  in  azimuth  and  the  other  so  that 
a  similar  screw  gives  a  similar  vertical  motion.  Supports  are  arranged 
by  means  of  which  lamps  may  be  used  to  illuminate  the  field  of  view 
and  the  ordinary  stops  for  the  clamps  are  fitted  to  each  standard. 

To  the  telescope  tube  are  attached  the  two  conical  supports  by 
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their  larger  ends,  the  outer  extremities  being  ground  down  carefully 
to  form  the  cylindrical  pivots  which  rest  in  the  Ys.  The  axes  of  these 
supports,  in  the  same  straight  line  perpendicular  to  the  line  of  direction 
of  the  tube,  form  the  rotation  axis  of  the  instrument.  The  supports 
are  made  conical  to  prevent  flexure,  and  hollow  in  order  that  light  from 
the  lamps  may  be  admitted  through  them  to  the  reflector  in  the  teles¬ 
cope  tube,  which  serves  to  render  the  transit  threads  visible  when  ob¬ 
serving  faintly  illumined  bodies  at  night.  Near  the  extremity  of  one 
of  the  axial  supports  is  the  clamp  with  thumb  screw,  fitted  with  lever 
and  spring,  which  latter,  in  connection  with  thumb  screw  of  stops  on 
the  standards,  enables  us  to  give  slight  motion  of  the  line  of  sight  in  a 
vertical  plane  for  the  more  accurate  pointing  of  the  instrument. 

On  either  side  of  the  telescope  tube,  between  the  eye  piece  and 
axis,  are  the  two  finders,  each  of  which  consists  of  a  graduated  circular 
scale  about  4  inches  in  diameter  permanently  attached  to  the  tube,  and 
a  spirit  level  secured  to  an  arm,  which  revolves  about  the  centre  of 
the  circle,  fitted  with  vernier,  stop  and  tangent  screwy  by  means  of  which 
single  minutes  may  be  read  on  the  scale.  One  of  these  finders  may  be 
set  to  read  altitudes,  and  the  other  zenith  distances. 

The  telescope  consists  of  the  tube  proper,  in  which  is  placed  the 
object  glass,  and  the  eye  tube,  which  contains  the  diaphragm- or  wdre 
plate  and  the  eye  piece ;  the  eye  tube  is  moved  out  and  in  by  a  rack 
and  pinion  so  that  having  adjusted  the  wires  to  the  focus  of  the  eye 
piece  they  may  easily  and  quickly  be  brought  to  the  focus  of  the 
object  glass.  Another  rack  and  pinion  carry  the  eye  piece  to  the 
right  and  left  so  as  to  bring  its  optical  centre  opposite  each  thread  in 
succession  as  a  star  crosses  the  field.  The  diaphragm  or  wire  box 
contains  the  reticule  which  consists  of  nine  parallel  transit  threads 
with  three  others  at  right  angles  ;  there  is  also  a  movable  thread 
and  micrometer-headed  screw  carrying  it — all  so  arranged  with  strap 
and  clamp  screwr  that  they  may  be  revolved  in  any  direction  to  make 
the  threads  vertical.  The  wire  plate  has  also  a  small  bolt  attached  to 
it  carrying  the  wires,  when  vertical,  to  the  right  or  left  for  the  purpose 
of  adjusting  the  line  of  sight  over  the  middle  vertical  wdre  perpen¬ 
dicular  to  the  axis  of  rotation.  A  diagonal  eye  piece  is  furnished  for 
observing  stars  at  considerable  altitudes. 

The  striding  level,  with  its  accurately  divided  scale,  is  filled  with 
ether,  and  furnished  with  a  chamber  to  regulate  the  length  of  the  air 
bubble  and  also  with  adjusting  screws  for  regulating  the  reading  of 
the  bubble  with  reference  to  the  level  supports. 

9 
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the  following  method  is  used.  By  means  of  the  eye  direct  the  tele¬ 
scope  to  any  known  star  at  time  of  culmination  and  clamp  it;  bring 
the  vernier  arm  level  by  means  of  the  bubble  and,  to  find  index  error, 
compare  the  reading  of  the  scale  with  the  computed  reading ;  the  dif¬ 
ference  will  be  the  error  required.  To  set  the  scale  proceed  as  be¬ 
fore,  loosen  the  screw  holding  the  scale  in  position,  turn  it  until  the 
indicated  reading  be  the  same  as  the  computed,  and  secure  it.  Com¬ 
pute  the  zenith  distances  of  stars  at  time  of  culmination  by  means  of 
the  general  formula  for  the  Latitude,  L  =  z  +  d,  where  z  is  the  meri¬ 
dian  zenith  distance  and  d  the  declination.  Then  z  —  L  -  d  -  r  for 
star  south  of  zenith,  and  z  =  d-L  -  r  for  star  north — taking  care  to 
use  the  proper  sign  for  d  and  in  case  of  a  sub-polar  star  to  use  180°-c? 
instead  of  d.  r  is  thd  refraction  which  may  generally  be  neglected. 
The  altitude  II  =  90°-  z. 

TO  MAKE  THE  ADJUSTMENT  IN  AZIMUTH. 

149.  Since  the  rotation  axis  has  been  made  level  and  the  line  of 
sight  perpendicular  to  that  axis,  it  is  evident  that,  when  vertical,  the 
line  of  sight  will  pass  through  the  zenith  and  will  therefore  cut  the 
meridian  at  that  point,  however  far  removed  it  may  be  when  turned 
down  to  the  horizon.  If  now  we  can  make  the  line  of  sight  cut  the 
meridian  when  pointed  in  any  other  direction,  the  plane  in  which  it 
moves  will  coincide  with  the  plane  of  the  meridian.  A  star  in  the 
zenith  will  appear  to  cross  the  middle  vertical  wire  at  the  time  it 
actuaHy  crosses  the  meridian,  but  such  will  not  be  the  case  with  a  star 
near  the  horizon  unless  the  azimuth  adjustment  is  exact.  If  the  low 
star,  crossing  from  east  to  west,  passes  the  middle  wire  earlier  than 
the  computed  time  of  transit,  the  plane  of  the  instrument  deviates  to 
the  east,  if  later,  the  plane  deviates  to  the  west ;  in  either  case  the 
error  must  be  corrected  by  the  azimuth  screw,  until  stars  at  all  alti¬ 
tudes  indicate  the  same  amount  of  clock  error.  Practically  take  two 
stars,  one  in  or  very  near  the  zenith,  the  other  as  near  the  horizon  on 
the  same  side  of  the  zenith  as  possible,  the  stars  to  differ  but  little  in 
right  ascension.  Note  the  clock  time  of  transit  of  the  zenith  star 
and  compare  this  time  with  its  right  ascension  ;  the  difference  will  be 
the  approximate  clock  error.  This  error,  applied  with  its  proper  sign 
to  the  right  ascension  of  the  second  star,  will  give  the  clock  time  of 
its  transit;  point  the  telescope  to  the  second  star  and  by  means  of  the 
azimuth  screw,  if  necessary,  bisect  it  with  the  middle  wire  at  the  com- 
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puted  time  of  its  transit.  The  instrument  will  then  be  very  nearly 
in  adjustment,  but  by  repeating  the  above  operation  it  may  be  brought 
more  nearly,  and,  if  there  be  time,  the  adjustment  may  be  made  exact 
by  repeated  observations  and  azimuth  screw  turnings.  The  error 
may  be  found,  however,  and  the  adjustment  made  much  more  quickly, 
by  the  following  method,  the  mathematical  part  of  which  will  be  ex¬ 
plained  later.  Take  two  stars  as  before,  differing  but  little  in  right 
ascension  in  order  that  the  interval  between  the  times  of  observations 
may  be  correctly  measured,  i.  e.,  unaffected  by  whatever  rate  the 
clock  may  have,  and  differing  greatly  in  declination.  Note  the  time 
of  upper  culmination  of  each  star  and  mark  the  interval  between, 
positive  when  the  lower  star  precedes  the  higher,  negative  when  it 
follows ;  mark  the  difference  between  the  computed  right  acensions 
of  the  two  stars  in  the  same  way.  If  these  two  quantities  are  exactly 
the  same,  the  line  of  sight  is  exactly  in  the  meridian  ;  if  not,  the 
difference  between  them  points  out  a  deviation,  in  northern  latitudes, 
to  the  east  of  south  when  positive,  and  to  the  west  when  negative, 
the  amount  of  deviation  in  time  expressed  by  the  formula 
D  =  d  cos d cos  d!  cosec  (d-d')  sec  L 
and  15  D  equal  to  the  deviation  in  arc, 
d  being  the  difference  of  right  ascensions  less  the  interval  between  the 
times  of  transit ;  d'  and  ff,  the  declinations  of  the  higher  and  lower 
stars  respectively,  and  L,  the  latitude. 

150.  Knowing  the  amount  of  deviation  from  the  meridian,  if  we 
determine  the  value  of  a  revolution  of  the  azimuth  screw,  it  is  evident 
that  we  can  at  once  bring  the  instrument  into  adjustment  in  azimuth 
by  giving  the  screw  the  requisite  number  of  turns.  To-  determine 
this  value,  note  the  time  of  passage  across  the  middle  wire  of  an 
equatorial  star,  turn  the  screw  quickly  through  a  complete  revolution 
so  as  to  bring  the  line  of  sight  to  the  westward  of  the  meridian,  and 
then  note  the  time  of  its  second  passage  over  the  middle  wire,  the  in¬ 
terval  in  time  v  between  these  two  passages,  reduced  to  the  horizon  by 
increasing  it  in  the  ratio  of  the  cos.  of  the  altitude  to  one,  will  be 
the  value  required.  Y  =  v  sec  II  or  since  IT,  the  altitude  of  an  equa¬ 
torial  star,  is  equal  to  the  complement  of  the  latitude,  we  shall  have 
Y  in  time  equal  to  v  cosec  L,  and  15  V  the  value  in  arc.  If  any  other 
than  an  equatorial  star  be  used,  v,  the  noted  interval  must  be  reduced 
to  the  equator*  and  its  value  then  substituted  in  the  above. 

151.  The  following  modification  of  this  method  will  give  better  re- 


*  (v  =  v  cos  d.) 
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suits.  Determine  the  clock  error  by  three  or  four  stars  of  nearly  the 
same  declination,  and  following  each  other  in  quick  succession  so  that 
chances  of  error  due  to  the  rate  of  the  clock  may  be  eliminated,  turn 
the  azimuth  screw  through  several  revolutions  and  take  as  many  of 
the  same  and  other  stars  as  needed  ;  then  the  difference  of  the  clock 
errors,  shown  by  the  two  sets  of  observations,  divided  by  the  number 
of  revolutions  given  the  screw,  will  be  the  value  of  a  revolution  which 
is  to  be  reduced  to  the  horizon  as  before. 

Divide  the  error  of  the  instrument  in  azimuth  D  thus  found,  by  V, 
the  value  of  a  single  turn,  both  in  time,  and  the  result  will  be  the 
number  of  turns  to  be  given  the  screw  in  order  to  bring  the  plane  of 
the  instrument  to  the  meridian. 


REDUCTION  TO  THE  MERIDIAN. 
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152.  If  the  foregoing  adjustments  are  perfectly  exact,  that  is,  if 
the  horizontal  axis  is  exactly  level,  and  in  the  true  east  and  west  line, 
and  if  the  line  of  sight  corresponds  exactly  with  the  axis  of  collima- 
tion,  the  great  circle  described  by  the  line  of  sight  will  be  the  meri¬ 
dian.  In  practice,  however,  it  is  almost  impossible  to  fulfil  all  these 
conditions  exactly,  and  it  becomes  necessary  to  correct  the  times  of 
observed  transits  for  slight  variations  in  these  conditions ;  and  these 
corrections  are  called  the  reduction  to  the  meridian.  The  method  for 
determining  this  reduction  will  be  understood  from  the  figure,  in 
which  the  deviations  are  very  much  exaggerated  in  order  that  the 
method  may  be  clear. 

Let  N  E  S  W  be  a  projection 
(stereographic)  of  the  sphere  upon 
the  plane  of  the  horizon;  N  S, 
the  meridian  ;  E  W,  the  prime 
vertical ;  Z,  the  zenith.  Suppose 
the  instrument  mounted  so  that  the 
prolongation  of  its  horizontal  axis 
is  represented  by  the  line  A  B, 
meeting  the  celestial  sphere  at  the 
point  A  ;  the  deviation  from  the 
level  will  evidently  be  represented 
by  the  projected  arc  x  A ;  this 
deviation  is  named  b.  The  angle 


Fig.  21. 


A  Z  W  will  evidently  be  the  deviation  of  the  axis  from  the  E  and  W 
line,  equal  to  P  Z  N',  the  angle  between  the  axis  of  collimation  and  the 
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meridian,  or  deviation  in  azimuth,  named  a.  Since  the  axis  of  col- 
limation  is  that  line  perpendicular  to  the  axis  of  rotation,  it  will  describe 
the  plane  of  a  great  circle  of  which  A  is  the  pole  :  let  N'  Z'  S'  be  that 
great  circle,  and  let  n  O  5  be  the  circle  described  by  the  line  of  sight 
passing  through  the  centre  of  the  middle  vertical  wire,  making  the 
constant  angle  c  with  the  axis  of  collimation,  c  being  the  collimation 
constant. 

If  the  line  of  sight  moves  in  the  meridian,  then  the  hour  angle  of 
the  celestial  body  when  on  the  vertical  wire  will  be  zero  ;  if  this  is 
not  so,  it  becomes  necessary  to  determine  the  hour  angle  of  the  star 
when  in  that  line,  in  order  that  we  may  reduce  the  observation  to  that 
instant  of  time  when  the  hour  angle  is  zero  ;  in  other  words,  to  deter¬ 
mine  the  hour  angle  of  the  star  O  which  is  Z  P  O,  in  time  ;  this 
applied  to  the  clock  time  of  the  observed  transit  will  give  the  time  of 
the  meridian  transit.  This  angle  is  the  reduction  to  the  meridian, 
and  evidently  depends  upon  the  three  quantities  a,  b,  and  c,  above  men¬ 
tioned.  To  determine  the  value  of  this  angle,  let  L  represent  the 
latitude  of  the  observer ;  b,  as  we  have  already  seen,  is  the  altitude  of 
the  point  A  ;  let  n  represent  the  declination  of  A,  and  m,  the  comple¬ 
ment  of  its  hour  angle.  Then  in  the  triangle  Z  P  A  we  have — 

ZPA  =  90°  -  m  ZA  =  90°  -  b 

PA  =90 °-n  PZA  =  90°  4-  a 

PZ=  90° -L 

and,  substituting  these  values  in  equations  (G)  and  (4)  of  Spherical 
Trigonometry,  we  have — 

cos  n  sin  m  =  sin  b  cos  L  4-  cos  b  sin  a  sin  L  (i) 

sin  n  =  sin  b  sin  L  -  cos  b  sin  a  cos  L  (2) 

These  determine  m  and  n,  when  a  and  b  are  given.  Again,  in  the 
triangle  APO  let  r  represent  the  hour  angle  of  the  star  O,  when  on 
the  middle  vertical  wire,  that  is,  the  angle  ZPO  ;  let  d  represent  the 
declination  of  the  star,  and  c,  as  before,  the  collimation  constant.  We 
shall  then  have — 

APO  =  APZ  +  ZPO  =  (90°  -  m)  +  r  =  90-  +  (r -m) 

A  P  =  90° -n  A  O  =  90°  +  c 

P  O  =  90^  -  d. 

which  give  the  following  equation  ; — 

_  sin  c  =  sin  n  sin  d  —  cos  n  cos  d  sin  (r  —  m) 
or  sin  (z  —  m)  —  tan  n  tan  d  sin  c  sec  n  sec  d 


(3)' 

(O 
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determining  r  —  m  and  consequently  r  when  c,  b,  and  a,  are  given. 
These  are  the  general  formulas  for  the  reduction  to  the  meridian. 

153.  Having,  by  the  method  already  described,  placed  the  instru¬ 
ment  nearly  in  the  plane  of  the  meridian,  the  angles  a,  5,  and  c  are 
reduced  to  very  small  angles  and  it  follows  that  m,  n,  and  r  will  also 

be  very  small.  Therefore  we  may  substitute  for  the  sines  of  these 

small  angles  the  angles  themselves,  and,  for  their  cosines,  unity  ;  then 

(1)  becomes  m  —  b  cos  L  +  a  sin  L  (5) 

(2)  becomes  n  =  b  sin  L  —  a  cos  L  (6) 

(4)  becomes  r  =  m  4-  n  tan  d  4-  c  sec  d  (7) 

Equation  (7)  is  known  as  Bessel’s  formula. 

Substituting  the  values  of  m  and  n  in  (7)  factoring  and  reducing 
we  have 


_ ^  cos  (L  —  d) 

cos  d 


sin  (L  -  d)  , 

a - >- - V  -f- 

cos  d 


cos  d 


known  as  Mayer’s  formula  for  computing  the  reduction  to  the  meri¬ 
dian,  in  other  words,  the  correction  to  be  applied  to  the  observed 
siderial  clock  time  of  the  transit  of  a  celestial  body  over  the  middle 
thread,  to  obtain  the  clock  time  of  its  transit  ever  the  meridian.  Let 
T  be  the  observed  clock  time  of  transit  over  the  middle  thread,  then 
T  +  r  will  be  the  clock  time  of  transit  over  the  meridian.  The  exact 
sidereal  time  of  the  transit  of  a  star  is  known  from  its  right  ascen¬ 
sion.  Hence,  comparing  our  clock  time  of  transit  over  the  meridian 
with  the  right  ascension  of  the  star  taken  from  the  Star  Catalogue 
we  are  enabled  to  determine  the  correction  for  the  clock.  Let  A  T 
represent  that  correction,  and  A  the  right  ascension  of  the  star ;  then 


the  value  of 
(  T  4-  b  CQS  (L 


A-(T  +  V  =  AT 


(9) 

(10 


A  A  rr  I  7.  cos  (L  -  d)  c  sin  (L  -  d)  /11v 

A  =  -f  A  1  +b - v  <  + - -  +  a - A- —A  (11) 

cos  d  cos  d  cos  d 

by  (10)  the  correction  of  the  clock  can  be  found  from  the  observed 
transits  of  known  stars,  and  by  (11)  having  the  clock  correction  the 
right  ascension  of  stars  not  catalogued  can  be  determined. 

154.  The  Coast  Survey  Office  has  published  “  Tables  of  Factors 
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for  Reduction  of  Transit  Observations,”  by  means  of  which  the  factors 
sin  (X  —  d)  cos  (L  -  d)  ■,  1 

- -7-—- ?  - - >  and  - —  mny  be  taken  directly  from 

cos  a  cos  d  cos  d  J  J 

the  table  using  (L  -  ct)  and  d  as  arguments. 

In  very  exact  observatory  work  a  small  correction  caused  by^ 
diurnal  aberration  should  be  applied  to  the  apparent  right  ascension  ; 


the 


formula  for  this  is  — 


0sec-021  cos  L 
cos  d 


As  will  be  seen,  however, 


its  value  would  scarcely  be  appreciable. 

155.  The  above  values  of  r  are  to  be  applied  to  the  upper 
culminations  of  celestial  bodies.  For  lower  culminations  it  is 
necessary  to  substitute  for  A,  12  hrs.  +  A,  and  for  d ,  180°—  dr  since  in 
the  formulas  d  has  represented  the  distance  of  the  body  from  the 
equator  reckoned  toward  the  zenith,  and  since  the  time  of  lower 
culmination  differs  by  12  hours  sidereal  time  from  that  of  the  upper 
culmination  of  the  same  body. 


EQUATORIAL  INTERVALS. 

156.  Heretofore  we  have  supposed  that  the  observations  were  made 
upon  the  middle  vertical  thread  ;  this  method  of  observing,  however,  is 
rarely  adopted,  because  a  single  observation  is  more  liable  to  error  than 
the  mean  of  several.  The  diaphragms  of  all  astronomical  instruments 
are  constructed  with  an  odd  number  of  threads  (in  this  particular  in¬ 
strument  nine),  and  these  are  placed  parallel  and  as  nearly  equidistant 
as  possible.  If  they  were  exactly  equidistant  the  mean  of  the  observed 
times  of  transit  over  all  could  be  taken  as  the  time  of  transit  over  the 
middle  thread,  but  this  is  very  rarely  the  case  even  in  the  largest 
instruments  ;  hence  it  is  necessary  to  determine  the  distances  between 
the  threads  so  that  we  may  reduce  our  observations  either  to  the 
middle  thread  or  to  the  mean  thread ,  the  latter  being  the  one  gener¬ 
ally  used  with  the  portable  instrument. 

The  mean  thread  may  be  defined  as  an  imaginary  thread  so  placed 
in  the  field  that  the  time  of  transit  over  it  will  be  the  same  as  the 
mean  of  the  times  of  transit  over  all  the  threads.  All  observations 
are  reduced  to  this  imaginary'  thread.  The  constants  a ,  h ,  and  c,  and 
the  intervals  of  the  several  threads  are  referred  to  it.  As  it  often 
happens  that  it  is  only  possible  to  observe  transits  over  a  portion  of 
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the  threads,  it  is  evidently  necessary,  in  order  to  deduce  the  time  of 
transit  over  the  mean  thread,  that  the  distance  of  each  from  the  mean 
thread  be  known.  The  determination  of  these  distances  is  usuallv  the 
first  thing  done  after  the  instrument  has  been  placed  approximately  in 
the  meridian  and  adjusted  to  sidereal  focus.  The  distance  required  is 
evidently  the  angle  at  the  eye  piece  subtended  by  the  interval  between 
the  imaginary  thread  and  the  thread  given,  and  this  might  be  obtained 
by  observing  an  equatorial  star,  that  is,  one  moving  exactly  in  a 
great  circle.  Note  the  times  of  transit  over  all  the  wires,  the  mean 
of  these  will  be  the  time  of  transit  over  the  mean  wire  ;  and  the 
difference  between  this  and  each  time  noted  will  be  the  equatorial 
interval  of  the  noted  thread,  called  equatorial  interval  when  ex¬ 
pressed  in  time.  On  account  of  the  difficulty  of  obtaining  con- 
viently  an  exact  equatorial  star,  the  practical  method  is  to  observe  a 
slow  moving  star  and  reduce  its  intervals  in  time  to  the  great  circle 
intervals  by  the  following  method. 


In  the  figure  let  us  sup¬ 
pose  the  mean  thread  H  to 
correspond  exactly  with  the 
meridian  and  all  threads  to  be 
parallel  to  it. 

Let  F  CK  represent  the 
path  of  a  close  polar  star  in 
the  field  and  P  the  pole. 
Now  if  the  times  when  the 
star  is  on  each  successive 
thread  be  noted  and  the  mean 
taken,  we  shall  have  the  time 
when  the  star  is  on  the  mean 
thread,  and  the  difference,  be¬ 
tween  this  last  time  and  the 
time  noted  when  the  star  was 
at  F  will  evidently  be  the  hour 

at  F 
It  is  requir- 


Fig.  22. 


angle  of  the  star  when 
the  angle  F  P  II 
ed  to  find  the  great  circle  dis¬ 
tance  F  II  which  is  d.one  by 


solving  the  right  angled  triangle  F  P  II  in  which  F  P  II  is  known  and 
P  F  is  the  polar  distance  of  the  star.  Let  i1  represent  the  required 
equatorial  interval  of  thread,  one,  and  Ix  the  noted  interval  in  time 
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between  the  mean  thread  and  thread  one,  that  is,  the  angle  F  P  H  ; 
then 

sin  —  sin  Tx  cos  d  ; 

^.representing  the  declination  of  the  star.  This  will  be  rigidly  true 
only  when  the  mean  thread  corresponds  with  the  meridian  and  when 
the  other  threads  are  truly  parallel  to  it.  Our  adjustments,  however, 
are  approximate  and,  in  practice,  having  made  them  as  close  as  possi¬ 
ble,  the  above  formula  will  be  sufficiently  exact  for  use  in  determining 
the  equatorial  intervals  required.  It  shows  the  importance  of  making 
the  first  adjustments  with  extreme  care. 

157.  In  cases  where  d  is  less  than  80°  Ix  and  will  be  very  sma  1 
angles,  and  we  may  substitute  the  angles  for  their  sines ;  or 

ix  =  Ix  cos  d  transposing 

Ix  =  t'j  sec  d  by  means  of  which 

having  determined  the  equatorial  interval  of  any  thread,  the  time  it 
will  take  a  star,  whose  declination  is  known,  to  travel  from  that  thread 
to  the  mean  thread,  can  be  found. 

The  work  will  be  easily  understood  from  the  following  : — Let 
t2  ;  •  .  •  .  t9  be  the  observed  times  of  transit  over  the  successive 

threads  ;  il  «2  i3 . i9,  the  equatorial  intervals  of  each  succes¬ 

sive  thread  from  the  mean  thread ;  d  =  the  declination,  and 


t  = 


C  +  +  t; 


9 


equal  the  time  of  transit  over  the  mean 


thread,  we  shall  then  have,  ix  ~(t  -  cos  d, 

t2  =  (t  —  1 2)  cos  d, 

&c.,  &c..  &c. 

i 9  =  (t  —  t9)  cos  d , 

and  the  intervals  will  have  the  proper  signs  for  use  to  find  the  correc¬ 
tion.  Jn  ==  in  sec  d  to  be  used  in  broken  transits,  Clamp  west. 

Should  the  rate  of  the  clock  be  found  to  be  great,  it  will  be  neces¬ 
sary  to  correct  our  intervals  (t-t2)  &c.,  for  its  change  using 

•  1  +  rm  (t-  t2)  &c., 

rm  being  the  gain  or  loss  per  minute,  and  ( t  -  t2),  &c.,  expressed  in 
minutes  and  decimals  :  rm,  positive,  when  clock  is  losing ;  negative, 
when  gaining. 

The  threads  are  usually  numbered  I.  II.  III.  IV.  V.  VI.,  VII. 
VIII.  IX.  in  order,  commencing  with  the  one  nearest  the  clamp  end 
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of  the  axis,  so  that  (since  the  telescope  apparently  reverses  the  motion 
of  the  star  in  the  field)  with  the  Clamp  west,  the  star  at  its  upper  cul¬ 
mination  will  cross  the  threads  in  regular  succession  I.  II . IX., 

while  with  Clamp  east  it  will  cross  IX.  VIII . I.  Equatorial 

intervals,  once  determined,  are  marked  for  the  threads  I.  II.  III. 
&c.,  IX.  ;  hence  it  is  necessary  to  be  careful  with  their  signs,  which 
will  change  in  the  corrections  upon  shifting  the  position  of  the  axis. 
The  times  of  transit  are  noted  at  the  instant  when  each  wire  bisects 
the  star  as  it  crosses  the  field. 

158.  Having  determined  the  equatorial  intervals  i  2,  &c.,  In,  the 
interval  in  time  between  the  mean  thread  and  a  star  on  any  other 
thread  can  evidently  be  found  by  the  formula  In  —  in  sec  d. 
Whence,  noting  the  transit  over  any  thread  of  a  star  whose  declination 
is  given,  the  time  of  its  transit  over  the  mean  thread  can  be  determined. 
In  case  of  a  “  broken  transit,”  where  some  of  the  threads  are  missed, 
the  time  t  required  is  equal  to  the  mean  of  the  observed  times,  minus 
the  sum  of  the  equatorial  intervals  of  missed  threads  divided  by  num¬ 
ber  of  observed  threads  multiplied  by  sec  d ,  for,  as  already  seen, 


C  d~  ^  2  d-  ^3  d-  ....  ty 

t  = - q-j - -  Suppose  t2  was  not  noted,  we 

have  i2  —  —  cos  d,  whence  t2  —  t  —  i2  sec  d;  substitut- 

t-i  + 13  4-  .  .  .  .  tg  +  t  -  i 2  sec  d 


ing  this  value  of  t0  we  have  t 


9 


transposing 


£  t  = 


ti~\~  .  tt 

~8 


i2  sec  d. 

~  8~ 


159.  If  the  transit  over  one,  or  a  few  threads  only,  be  observed,  we 
may  use  t  =  mean  of  observed  times,  plus  the  sum  of  equatorial  inter¬ 
vals  of  observed  threads  divided  by  number  of  observed  threads  mul¬ 
tiplied  by  sec  d.  Since  from  preceding 

11  =  (t  —  £j)  cos  d,  or  t  =  il  sec  d  +  t1  ^  and  the  mean  of 

12  —  (t  —  t2)  cos  d,  or  t  =  i2  sec  d  +  t2  (  these  would 


•  ,  *i  d-  t2  (i  +  i  ) 

give  t  =  - 0 - d-  ■  ^  ■  sec  d. 


2 


2 


Remembering  always  that  as  determined,  the  equatorial  intervals 
have  their  signs  as  correction,  and  these  signs  must  be  carefully  used. 
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160.  In  the  formula  for  the  reduction  to  the  meridian 

c 


sin  (L  -  d)  cos  (L  -  d) 
a - 1 —  +  b  - 1 - \- 


cos  d 


cos  d 


cos  d 
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a  numerical  value  in  time  to  be  applied  to  the  observed  time  of  transit 
over  mean  thread,  as  a  correction,  can  be  found,  if  the  value  of  a ,  b, 
and  c  are  known.  The  first  determined  is  b,  the  level  constant,  and 
the  method  is  as  follows  ; — Place  the  striding  level  in  its  position  on 
the  axis,  and  read  the  divisions  at  each  end  of  the  bubble,  mark  the 
reading  of  W.  end  W,  and  of  E.  end  E  ;  it  is  evident  then  that  the 
reading  of  the  centre  of  the  bubble  would  be  the  mean  of  the  two  end 


readings,  or 


W-E 


Reverse  the  level  and  again  take  the  end  readings 


of  the  bubble,  marking  W.  end  W'  and  E.  end  E'  as  before,  the 

W'  -  E' 

expression  for  the  reading  of  the  centre  of  the  bubble  will  be  - _ 1. 

2 

If  the  axis  be  level,  the  two  readings  of  the  centre  of  the  bubble  will 
be  equal  with  opposite  signs,  but  if  not,  the  mean  of  these  two  readings 
will  express  the  number  of  level  divisions,  showing  its  deviation  from  the 


(W-E)  (W'  -  E') 


+ 


=  deviation  in  terms  of  level  divi- 


level,  or  L  2  .  .  2 

sions.  The  value  of  the  level  division  may  be  determined  by  the  level 
trier,  or  by  securing  the  level  to  any  well  graduated  alidade,  and 
noting  the  readings  of  the  centre  of  the  bubble  as  follows  :  Having 
secured  the  level  to  the  graduated  circle  of  the  Meridian  Circle  at  the 
Observatory,  bring  the  bubble  near  one  end  of  the  tube,  and  note  its 
end  readings,  the  mean  of  them  will  be  the  central  reading  ;  by  means 
of  micrometers  attached,  note  the  reading  of  the  circle,  then,  by  means 
of  clamp  screw  of  circle,  bring  level  bubble  near  other  end  of  tube,  and 
again  find  its  central  reading  :  the  difference  between  the  two  central 
readings  will  be  the  number  of  level  divisions  corresponding  to  the 
angle  through  which  the  circle  has  been  turned,  determined  accu¬ 
rately  by  the  micrometer  readings  in  the  two  positions  of  circle  :  the 
value  of  one  division  will  be  this  angle  divided  by  the  whole  number 
of  divisions  noted.  The  expression  for  b  will  then  be 


JL 

2 


q-  ^  d,  letting  d  represent  the  value  of  level  divi- 

.  .  .  (W  +  W')  —  (E  +  E')  j  , 

sion,  transposing,  b  m  arc  =  — - ^ — - -  a  ;  to  reduce  to 

time  divide  by  15  .  o  =  -v  — — - - —  d.  :  this  constant 


is  marked  W.  or  E,  according  to  the  name  of  the  greater,  and  signifies 
that  the  corresponding  end  of  the  axis  is  too  high  ;  for  use  in  our 
formula  it  is  positive  when  W.  end  is  too  high,  as  is  mathematically 
shown  by  its  expression. 
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*  161.  To  find  c,  the  Cottimation  Constant ,  observe  a 

slow  moving  star  at  upper  culmination.  Note  the 
transit  of  the  star  over  the  first  half  of  the  threads, 
including  or  excluding  the  middle  thread  ;  then  reverse 
the  axis,  and  note  the  transit  over  the  same  threads 
now  in  reverse  order.  By  means  of  the  equatorial  in¬ 
tervals,  find  the  time  of  transit  over  the  mean  thread 
from  each  of  these  sets  of  observations  ;  then  let  t  be 
the  time  of  transit  over  mean  thread  before  reversal,  and 
t!  the  time  of  transit  over  mean  thread  after  reversal ; 
we  shall  then  have  c  =  (t!  —  t)  cos  d,  its  value  for 

that  position  of  the  axis  before  reversal. 

In  the  figure  ;  suppose  that  the  mean  thread  occupies 
the  position  a  out  of  the  axis  of  collimation  h  B  ;  c,  the 
angle  required  is  a  x  h  or  A  x  B ;  when  the  instru¬ 
ment  is  reversed  the  mean  thread  will  occupy  the 
position  a',  and  a  x  a'  A  x  A'  will  evidently  be 
double  the  required  angle.  By  observation  we  have 
deduced  the  times  of  transit  of  the  same  star  over 
the  mean  thread  in  its  two  positions,  and  the  difference 
between  these  times  is  an  expression  for  the  value  of 
the  angle  A  x  A',  which,  reduced  to  great  circle  measure  and  divided 
by  two,  will  be  the  angular  value  in  time  of  c,  as  above  given. 

Since  the  instrument  may  be  used  in  two  positions  of  the  rotation 

* 

axis,  it  is  necessary  to  distinguish  them,  and  this  is  done  by  noting  the 
position  of  the  clamp  end  of  the  axis,  marking  all  observations  Clamp 
east  or  Clamp  west.  The  collimation  constant  c  will  evidently 
depend  for  its  sign  of  application  upon  the  position  of  the  axis  ;  for, 
having  been  determined  with  Clamp  west,  say,  positive  in  position  a 
the  star  crossing  the  mean  thread  earlier  than  it  crosses  the  con¬ 
tinuation  of  the  axis  of  collimation,  when  reversed,  it  will  cross 
that  thread  later,  hence  the  sign  of  c  Clamp  east  would  be  negative, 
the  numerical  value  remaining  the  same.  For  lower  culminations 
the  formula  becames  ^  (t  —  t ')  cos  d,  giving  the  proper  sign  of  c  for 
the  position  of  the  axis  before  reversal.  It  may  be  necessary  in  com¬ 
puting  t  and  tr  to  apply  a  correction  for  the  rate  of  the  Chronometer, 
as  has  already  been  explained  in  connection  with  equatorial  intervals. 

To  find  a,  the  Azimuth  Constant. 

162.  Note  the  times  of  transits  of  two  stars  differing  as  much  as  pos¬ 
sible  in  declination  and  having  nearly  the  same  Right  Ascensions,  so 
that  the  interval  between  the  observations  shall  be  short. 
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Let  A  =  Right  Ascension. 
d  =  declination. 

and  T  =  observed  clock  time  of 
transit  over  the  mean  thread  of  the  first  star  and  A',  d'  and  T',  the 
same  respectively  of  the  second  star.  From  (11)  we  have 


A=T+AT+J  c°9  (L — 9  + 

cos  d 

A'  =  r  +  A  T'  +  b- 008 

cos  a 


c  sin  (L  -  d)  , 

- - +  a  - - -  ,  J  and 

cos  d  cos  d 


cos  dl 


a 


sin  (L  —  d ') 
cos  d! 


If  the  clock  has  no  rate,  A  T,  the  correction  at  time  of  first  obser¬ 
vation  will  be  equal  to  A  T'  the  correction  at  second  observation,  and 
the  two  equations  will  eliminate  the  unknown  correction 
A  T  =  A  T'.  If  the  rate  be  known  (generally  the  case) 

A  T'  =  A  T  f  rm  (T  T),  in  which  rm  is  the  rate  per  minute,  and 
(T'  -  T)  is  expressed  in  minutes  and  fractional  parts.  Substituting 
for  A  T'  in  above,  we  have 


A'  =  T'  +  rm  (T'  -  T)  +  b  +  .  c 

cos  d'  cos  a' 


+  AT  +  a-sin 

cos  d ' 


A  =  T  +  b 


cos  (L  -  d) 
cos  d 


+  cos  d  +  AT  +  fl 


sin  (L  -  d) 
cos  d  ’ 


in  which  the  unknown  quantities  are  A  T  and  a.  Since  rm,  b,  c,  L,  d 
and  d!  are  known,  we  will  substitute 


cos  (L  -  dr) 

T  +  rn  (TV  -  T)  +  b  '.+ 

c 


cos  d! 


and 


T  ,  J  cos  (L  -  d)  + 

cos  d  cos  d 


in  other  words,  V  and  t  are  the  observed  times  of  transit  corrected  for 
level  and  collimation  errors,  and  also  the  rate  of  the  clock.  Our  for¬ 


mulas  will  then  be : 


A'  =  t'  +  A  T  +  a  ‘^il  (k — -  )  and 

cos  d' 


A  =  t  4-  A  T-f-  a 


sin  (L  -  cl) 
cos  d 


c  ,  .  .  .  .  ,  /  sin  (L  -  d')  sin  (L  -  d)  \ 

Subtracting,  A'  -  A  =*  t'  -  t  +  a  (  - - — — -  -  — - — \ 

°  V  cos  a  cos  d  ) 
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Transposing,  a  = 


(A'  -  a)  -(e-t) 

sin  (L  -  d!)  sin  (L  — 
cos  d!  cos  d 


the  formula  for 


determining  the  azimuth  constant,  in  which  the  two  terms  in  the 
denominator  may  be  taken  from  the  “  Coast  Survey  Tables  for 
Reduction  of  Transit  Observations  ”  directly. 


By  Chauvenet’s  Plane  Trig.,  (172),  the  denominator  of  the  fraction 

above  siu  (L--Y)  _  sin  (L  ~  «*>.  becomes  cos  L  sin  V  ~JD,  and 
cos  d'  cos  d  cos  d  cos  d! 


cos  d  cos  d' 


the  expression  ii  a  -  [(A'  -  A)  -  («'  -  <)]  Cos  L  sin  (d  -  d') 


which 


is  the  formula  used  for  adjusting  the  instrument  in  the  first  part  of 
the  work ;  approximate  only,  since  we  used  uncorrected  times  of 
transit.  Again, 

cos  d  cos  d'  1 

• - t — • — Tj  '  j,\  ~ - f — a - v — : - ~j'\f  which  substituted  give, 

cos  L  sm  (a  -  d  )  cos  L  (^tan  d  —  tan  d )  ® 


(A'  -  A)  -  (t  -  t ) 

cos  L  (tan  d  -tan  d!)  ’ 


a  more  convenient  form  in  case  no 


“  Tables  ”  are  at  hand. 

103.  Now  having  the  three  constants  a,  b,  and  c,  the  value  of  r, 
the  reduction  to  the  meridian,  may  be  found,  from  (8),  and,  by  means 
of  (9)  A  T,  the  correction  for  the  clock  or  chronometer  may  be  accu¬ 
rately  determined,  and  hence  the  exact  determination  of  absolute  time 
is  made. 

164.  The  right  ascensions  and  declinations  of  stars  are  taken 
from  the  American  Ephemeris  but,  as  the  number  there  is  rather 
limited,  special  catalogues  for  use  in  the  Northern  Hemisphere  have 
been  prepared  for  the  use  of  the  Coast  Survey.  The  British  Almanac 
may  be  used  if  at  hand,  but  for  particular  work  it  would  be  well  to 
have  stars  whose  positions  have  been  accurately  fixed  at  the  Observa¬ 
tory  at  the  latest  possible  moment. 

165.  In  making  a  set  of  observations  for  time,  the  series  generally 
commences  with  those  stars  observed  for  making  the  instrumental 
corrections,  then  the  accurately  determined  time  stars,  and  afterward 
another  set  for  instrumental  corrections  in  order  to  determine  whether 
or  not  there  lias  been  any  change  in  them.  The  axis  of  the  instrument 
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should  be  reversed,  so  that  one-half  the  observations  should  be  with 
Clamp  east  and  the  other  half  with  Clamp  west,  and  as  many  stars 
are  taken  as  jDOssible,  the  mean  of  all  the  observations  being  used. 
The  same  observer  should  make  all  the  observations,  and  if  his 
personal  equation  is  known  the  best  results  are  to  be  expected. 

166.  For  further  and  more  detailed  information  in  regard  to  this 
instrument,  the  reader  is  referred  to  Chauvenet’s  Astronomy,  Vol.  II. 
and  for  practical  information  in  its  use,  to  the  report  for  1866  and  the 
various  pamphlets  issued  at  the  Coast  Survey  Office. 

The  methods  given  are  by  no  means  the  only  ones,  either  for  the 
practical  or  the  theoretical  adjustments,  and  some  of  the  more  refined 
corrections  have  been  omitted.  The  error  for  the  inequality  of  the 
pivots  has  not  been  referred  to,  as  it  is  caused  by  poor  workmanship, 
generally  reduced  to  a  minimum  in  those  instruments  accepted  by  the 
Government.  Whatever  error  there  may  be  should  be  determined  at 
the  Observatory,  and  this,  with  the  value  of  the  level  division,  should 
be  furnished  with  the  record  of  the  instrument. 

10 
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CHAPTER  XIII. 

THE  ZENITH  TELESCOPE - ADJUSTMENTS - TALCOTT’S  METHOD  FOR 

LATITUDE - CONSTANTS  OF  THE  INSTRUMENT - METHOD  OF  OBSER¬ 
VATION - REDUCTION  TO  THE  MERIDIAN - SELECTION  OF  STARS. 

ZENITH  TELESCOPE.  (See  PLATE.) 

167.  In  this  instrument  the  telescope  tube  is  attached  to  one  end 
of  the  horizontal  axis,  counterpoised  at  the  other  end  by  a  weight  so 
connected  as  to  prevent  flexure  of  the  axis  and  to  equalize  the  pres¬ 
sure  upon  the  two  Ys.  The  two  Ys  are  supported  bv  a  single  verti¬ 
cal  standard,  which  contains  the  vertical  axis  of  the  instrument,  and 
this  standard  revolves  about  the  vertical  axis,  carrying  a  clamp  and 
vernier  by*means  of  which  it  may  be  set  to  any  reading  of  the  hori¬ 
zontal  circle  at  its  base.  The  frame  is  fitted  with  three  foot  screws  at 
its  base  for  the  purpose  of  adjusting  the  verticality  of  the  vertical 
axis,  and  the  striding  level  is  applied  to  the  horizontal  axis  as  in  the 
case  of  the  transit  instrument,  so  that  when  horizontal  the  line  of 
collimation  of  the  telescope  will  move  in  a  vertical  plane.  Lamp  at¬ 
tachments  are  also  fitted  so  that  the  field  may  be  illuminated  for  the 
observation  of  faintly  illumined  bodies.  This  instrument  is  especially 
used  for  the  determination  of  small  differences  in  zenith  distances, 
particularly  in  determining  the  latitude  by  Talcott’s  method.  As 
furnished  for  use,  it  generally  consists  of  a  telescope  of  45  inches 
focal  length,  with  aperture  of  3^  inches  and  magnifying  power  from 
GO  to  120  so  that  stars  of  the  6th  and  7th  magnitude  may  be  conven¬ 
iently  observed.  The  horizontal  axis  is  about  7  inches  in  length, 
the  vertical  standard  about  24  inches,  and  the  diameter  of  the  hori¬ 
zontal  or  azimuth  circle  is  12  inches,  graduated  to  read  to  half  minutes 
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and  less  with  the  vernier ;  two  movable  stops  can  be  applied  to  this 
circle  defining  on  the  instrument  the  position  of  the  plane  of  the 
meridian  without  interfering  with  the  motion  while  reversing.  At¬ 
tached  to  the  telescope,  concentric  with  the  horizontal  axis,  is  a  grad¬ 
uated  (vertical)  circle  on  which  zenith  distances  are  read  off  to  within 
30"  by  means  of  the  arm  and  vernier  attached  to  a  very  delicate 
spirit  level  (value  of  one  division  about  f  of  a  second).  The  tele¬ 
scope  can  be  set  to  any  inclination  and  clamped,  while  for  accurate 
pointing  the  bubble  is  brought  into  the  middle  by  means  of  a  fine 
motion  screw  as  in  the  case  of  the  transit  instrument. 

In  the  eve  tube  is  the  micrometer  for  the  accurate  measurement 
•/ 

of  zenith  distances.  The  screw  carries  one  or  more  horizontal 
threads  and  its  head  is  divided  in  100  parts,  of  which  tenths  may  be 
estimated,  the  whole  number  of  turns  made  by  the  screw  is  indicated 
by  a  rack  shown  on  the  side  of  the  field  of  view.  The  value  t>f  one 
complete  revolution  is  generally  less  than  50"  so  that  observation’s 
can  be  read  exactly  to  0".5  and  by  estimation  within  lbss  than  0".05. 
There  are  usually  added  several  fixed  vertical  threads,  so  that  the 
instrument  can  be  used  as  a  transit  when  required.  For  convenience 
of  observation  the  telescope  is  fitted  with  the  diagonal  eye  piece. 

% 

168.  When  setting  up  the  instrument  it  will  be  found  coljv'enient  to 
place  two  of  the  foot  screws  in  the  E.  and  W.  line,  proceed  thenAthmake 
the  vertical  axis  truly  vertical  by  means  of  the  striding  level  which  shoul 
not  change  when  the  instrument  is  made  to  describe  a  complete  revo¬ 
lution  in  azimuth,  this  test  to  be  fulfilled  by  means  of  the  foot  screws, 
assisted  by  a  small  circular  level  also  attached  to  the  frame  ;  next  test 


ADJUSTMENTS. 


the  horizontally  of  the  transit  axis  by  reversing  the  striding  level  as  in 
the  case  of  the  transit  instrument ;  adjust  the  eye  piece  to  sidereal  fo¬ 
cus,  and  see  that  the  micrometer  thread  is  horizontal,  this  last  is  proved 
by  an  equatorial  star  running  along  the  thread,  or  by  the  same  appear¬ 
ance  of  a  polar  star,  when  the  instrument  is  turned  in  azimuth.  The 
adjustment  of  the  line  of  collimation  is  effected  by  means  of  a  distant, 
well  defined,  terrestrial  object;  turning  the  instrument  so  that  the 
readings  of  the  azimuth  circle  shall  be  just  180°  apart  and  allowing  for 
the  parallax,  since  the  line  of  collimation  is  not  in  the  plane  of  the 
vertical  axis.  The  amount  of  this  parallax  can  easily  be  computed  in 
a  given  case;  for  if  d  —  the  distance  of  the  centre  of  the  telescope 
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from  the  vertical  axis,  D  =  the  distance  of  the  object,  andj9  =  the 
parallax,  we  have 

_  d 

P  D  sin  1" 

but,  as  the  horizontal  circle  is  not  designed  for  very  accurate  measures, 
it  will  not  usually  be  worth  while  to  use  this  method  further  than  to 
make  a  first  adjustment.  A  perfect  adjustment,  however,  may  be  made 
by  two  collimating  telescopes.  The  reading  on  the  horizontal  circle, 
of  the  plane  of  the  meridian,  is  ascertained  by  means  of  the  known 
chronometer  time  of  the  culmination  of  a  slow-moving  star,  which  is 
bisected  at  that  time  by  the  middle  thread  and  the  corresponding  read¬ 
ing  of  the  circle  noted ;  stops  are  then  applied  to  indicate  the  mer¬ 
idional  position  with  the  telescope  pointing  N.  or  S.  of  the  zenith. 

talcott’s  method  for  determining  latitude. 

169.  From  general  formulas,  we  have  for  body  south  of  zenith 

L  =  z  -f-  d 

while  for  body  north  of  zenith 

L  ==  6!  -  z' 

(L  representing  the  lat.,  d  and  d'  the  declinations,  and  z  and  z'  the 
zenith  distances  of  the  two  bodies  respectively.)  Combining  the  two 
equations  we  have 

2  L  =,(d+  d')  +  (z-z!) 
or  L  =  (d  A  d ')  -H  (z  —  z'), 

in  which  it  is  seen  that,  if  the  declinations  are  correctly  known  and 
the  difference  of  the  zenith  distances  found,  the  determination  of  the 
lat.  is  correct. 

The  difference  of  the  zenith  distances  is  measured  by  the  micro¬ 
meter  in  the  zenith  telescope,  and  the  method  of  observation  is  as 
follows  : — 

Two  stars,  technically  called  a  pair,  are  so  selected  that  the  differ¬ 
ence  of  their  zenith  distances  shall  be  less  than  the  breadth  of  the 
field  of  the  telescope.  The  instrument,  adjusted  to  the  plane  of  the 
meridian,  is  set  at  an  altitude  corresponding  to  the  mean  of  the  two 
zenith  distances  and  pointed  to  that  star  which  transits  first,  the  bubble 
of  the  level  made  to  play  nearly  in  the  middle  of  the  tube.  When  the 
star  enters  the  field,  take  up  the  beat  of  the  chronometer  and  bisect 
the  star  with  the  micrometer  thread  ;  keep  it  so  bisected  until  the 
Chro.  time  of  culmination,  when  note  the  reading  of  the  micrometer 
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thread,  and  also  the  reading  of  the  level  ;  revolve  the  telescope 
through  180°  in  azimuth  (marked  by  the  stops),  and  observe  the 
second  star  in  the  same  manner.  The  difference  of  the  micrometer 
readings,  corrected  for  difference  of  level  and  refraction,  will  evidently 
be  the  difference  of  the  zenith  distances  required  ;  and  one-half  this 
difference  applied  to  the  half  sum  of  the  declinations  will  give  us  the 
latitude  of  the  station.  It  remains  for  us  to  determine  the  reading  of 
the  micrometer,  and  of  the  level,  and  the  correction  for  refraction. 

170.  Let  us  assume  the  zero  reading  of  the  micrometer  at  that  part 
of  the  apparent  field  farthest  from  the  zenith ;  and  let  Z0  represent 
the  apparent  zenith  distance  of  this  0  reading,  when  the  level  reading 
is  0.  Now  point  the  telescope  to  the  first  of  a  pair  of  stars,  say  the 
one  S.  of  the  zenith,  and  bisect  it  with  the  movable  thread  ;  let  m 
represent  the  number  of  turns  given  to  bring  the  thread  to  the  star  ; 
and  let  R  represent  the  value  of  a  single  turn.  If  the  level  reading 
still  remains  0,  the  expression  for  the  apparent  zenith  distance  of  the 
star  will  evidently  be  Z0  —  mR.  If  the  level  has  changed,  however, 
let  l  represent  the  number  of  divisions  through  which  it  has  changed, 
and  D  the  value  of  a  division  ;  and  suppose  the  north  end  is  too  high, 
then  Z,  the  true  zenith  distance  of  the  first  star,  will  be  equal  to 
Z0  =  mR  -j-  /  D  -|-  r,  letting  r  represent  the  refraction  which  tends  to 
decrease  the  (true)  zenith  distance. 

Turn  the  instrument  through  180°  in  azimuth  and  point  to  the  N. 
star  of  the  pair,  bisect  as  before,  and  let  m!  be  the  number  of  microm¬ 
eter  turns  and  l'  the  number  of  level  divisions  noted  in  this  case,  then 
the  true  zenith  distance  of  the  second  star,  Z'  =  Z0  —  m'R  -  l'T> 
+  / 

Subtracting  we  have 

z-r-  z'  =  (m!  —  m)  R  -f  (1!  X  T)  D  +  (r  -  r')  and 
J  (z  —  z')  =  ^  (m!  -  m)  R  +  J  (J!  +  T)  D  +  (r  -  r'). 

These  terms  for  use  in  determining  the  half  difference  in  zenith  dis- 

O 

tance  will  be  considered  in  detail. 

REFRACTION. 

171.  A  principle  of  refraction  is,  that  when  zenith  distances  are 
small,  it  varies  as  the  tangent  of  the  zenith  distance  ;  and,  since  obser¬ 
vations  are  generally  restricted  to  zenith  distances  of  less  than  25°  in 
this  method,  the  formulae  which  follow  may  be  employed  without  sen¬ 
sible  error. 
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tan  z  —  tan  z 


r  —  a  tan  z 

r'—  a  tan  z'  whence 

r  —  r'  —  a  (tan  z  —  tan  z') 

sin  (z  -  z') 

cos  2  cos  z' 

,  sin  (z  -  z') 

. .  r  —  r’  =  a  - i 

cos  2;  cos  z' 

Since  z  and  z'  are  nearly  equal,  we  may  substitute  ( z  -  z')  sin  1' 

for  sin  ( z  —  z')  and  cos2  z  for  cos  z  cos  z',  when  the  formula  becomes 

/  ,n  /  /\  ct>  sin  1' 

(r 


"0=  («  -  «o 


cos2  z 


a  is  the  coefficient  used  in  Bessel’s  formula  for  refraction,  which, 
although  strictly  a  variable,  is  in  this  connection  considered  constant, 
since  the  variation  in  z  is  small,  and  any  variation  in  Bar.  or  Ther.  is 
neglected  ;  the  value  assumed  for  a  in  coast  survey  work  is  57."7. 

For  use  in  our  formula  we  have  J  (r  —  r')  =  (z  —  2/) 

cos2  z 


the  last  term  of  which  may  be  tabulated  (see  Chauvenet’s  Astro.,  Vol. 
H),  or  as  has  been  done  by  the  Coast  Survey  Office  ;  ^  (r  -  r')  can  be 
taken  from  the  table  directly,  using  ^  the  difference  of  zenith  dis¬ 
tances  and  the  zenith  distance  as  arguments.  Since  the  correction  is 
very  small,  it  will  be  sufficiently  accurate  to  use  ^  (m!  —  rri)  R  instead 
of  ^  (z*—  z').  The  sign  of  the  correction  then  is  the  same  as  that  of 
the  correction  for  the  micrometer. 


LEVEL. 

172.  For  reading  the  number  of  divisions  of  the  level  we  have  for 

the  S.  star  l =  7~ - ^-and  for  the  N.  Star  l'  =~ - f— in  which 

2  2 

n  is  the  reading  of  the  N.  end  of  the  bubble  and  s  of  the  S.  end  ; 

( n  +  n)  -  (s'  -f 

4 

sign  for  the  application  of  this  correction. 

MICROMETER. 

173.  \  (w!  -  7)i)  would  evidently  be  read  by  taking  the  number  of 
teeth  in  the  rack  passed  over  by  the  thread  and  adding  the  reading  of 
the  micrometer  head  thereto. 


then  \  (l  +  l') 


s) 


,  which  will  give  us  the  proper 
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174.  If  now  we  determine  the  values  of  II  and  D,  all  the  terms  in  our 
equation  become  known.  If  the  value  of  the  level  division  D  be 
accurately  determined  by  the  level  trier  or  by  the  method  already 
explained  in  connection  with  the  transit,  we  can  from  that  determine 
the  value  of  R,  the  revolution  of  the  micrometer  screw,  as  follows  : 
Direct  the  telescope  to  some  distant  well-defined  point  (better  the 
cross-threads  of  a  collimating  telescope)  and  bisect  it  with  the  micro¬ 
meter  thread.  Clamp  the  level,  and  by  means  of  the  small  tangent 
screw  in  connection  with  it,  bring  the  bubble  near  one  end  of  the  tube, 
and  note  the  reading.  Now,  by  means  of  the  tangent  screw,  moving 
the  telescope  and  level  so  attached,  bring  the  bubble  to  the  other  end 
of  the  tube  and  note  its  reading;  it  is  evident  that  by  so  doing  we 
have  moved  our  line  of  sight,  (over  the  undisturbed  micrometer 
thread),  through  an  angle  whose  value  is  expressed  by  ( l  —  l')  D> 
(l  —  U)  being  the  number  of  divisions  through  which  the  bubble  has 
passed.  Now,  move  the  micrometer  thread  back  until  it  exactly 
bisects  the  same  distant  point ;  by  so  doing  we  have  moved  it  through 
this  angular  distance  (l  —l')  D  ;  noting  the  number  of  turns  given  the 


Repeating  this  operation  with  the  micrometer  thread  in  different 
parts  of  the  field,  and  taking  the  mean,  a  very  accurate  result  will  be 
obtained,  and  so  both  values  will  be  known. 

175.  The  method  employed  in  the  coast  survey  is  to  first  determine 


the  value  of  the  level  division  in  terms  of  R.  and  this  is  done  in  precise' 


ly  the  same  method  as  that  just  described,  the  resulting  equation  being 


Let  d=  —  ;  then  D  =  d  R. 

I  L 


TO  DETERMINE  THE  VALUE  OF  A  REVOLUTION  OF  THE  MICROMETER 

SCREW. 

176.  This  may  be  done  by  turning  the  micrometer  through  an  angle  of 
90°  on  the  telescope,  and  noting  the  times  of  passage  of  a  circumpolar 
star  at  culmination  over  the  thread,  placed  successively  before  the  star 
for  each  turn  of  the  screw,  and  treating  the  intervals  as  Equatorial- 
intervals.  (See  “  Transit  Instrument.”) 

177.  It  is  evident  that  the  same  principle  will  hold  good  if  the  observa- 
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tions  be  made  upon  a  polar  star  near  the  time  of  its  elongation  ;  in 
that  case,  the  vertical  thread  of  the  instrument,  if  directed  to  the  star 
at  the  instant  of  elongation,  will  be  tangent  to  the  diurnal  circle,  and 
the  right  angled  spherical  triangle  would  be  solved  as  follows  : 

Let  s.  s'.  s"  be  the  apparent  path  of  a  star  in  the  held  of  the  instru¬ 
ment,  a  b  the  vertical 
thread,  and  suppose  in 
in'  m"  to  represent  the 
successive  positions  of 
the  micrometer  thread 
placed  in  advance  of  the 
star.  To  find  the  dis¬ 
tance  s  s'"  =  it  in  great 
circle  units,  we  have  to 


solve  the  right 


angled 


triangle  P 


s'"  s. 


P  s 

being  the  polar  distance, 
sps'  =  I,  the  noted  in¬ 
terval  of  time  between 
the  observations  of  the 
star  on  m  and  m',  or  the 
hour  angle  of  the  star 
from  elongation, 

sin  i  =  sin  I  cos  d. 


which  is  precisely  the  same  form  as  that  used  in  determining  Equator¬ 
ial  intervals. 

Since  the  instrument  can  be  easily  turned  in  azimuth,  it  will  be  seen 
that  the  last  method  is  to  be  preferred,  as  it  involves  no  change  in  the 
micrometer  or  in  the  focus  of  the  telescope. 


METHOD  OF  OBSERVATION. 


178.  Compute  the  time  of  the  star’s  elongation,  its  zenith  distance  and 
azimuth  at  that  time,  from  the  right  angled  spherical  triangle.  P  Z.V. 

cos  t  —  cot  d  tan  L. 
cos  z  =  cosec  d  sin  L. 
sin  Az.  =  cos  d  sec  L. 

By  means  of  these  formulae  point  the  telescope  to  the  star  twenty 
or  thirty  minutes  before  the  Chro.  time  of  elongation,  and  bisect  it 
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with  the  micrometer  thread  ;  note  the  time  of  bisection,  the  reading  of 
the  micrometer  and  the  level  reading.  Move  the  thread  in  advance 
of  the  star  by  one  or  more  revolutions  of  the  screw  and  again  note 
time,  level,  and  micrometer  readings.  Repeat  the  observations  as 
many  times  as  possible  while  the  star  is  in  the  field.  Let  tQ  represent 
the  Chro.  time  of  elongation,  t  tx  t2  &c.,  the  noted  Chro.  times  of  bi¬ 
section  and  m  ml  m2  &c.,  the  corresponding  micrometer  readings. 
Suppose  m0  to  be  the  micrometer  reading  of  the  star  at  time  of  elon¬ 
gation,  and  let  i  i1  i2  be  the  required  angular  distances  respectively, 
then :  sin  i  —  sin  ( t0-t )  cos  d 

sin  *=  sin  (£0-£,)  cos  d . 

If  the  level  has  remained  constant,  we  have 

R  =  i 


since  (m0 —  rri) 

represents  the  number  of  turns  given  the  micrometer  screw  to  move 
the  thread  through  the  angular  distance  i,  also 

(m0  -  m{)  R  =  il 


subtracting 


and 


m^-m. 

Should  the  level  have  changed  its  reading  it  is  evident  that  a  por¬ 
tion  of  our  angular  distance  (/ — ?’j)  is  due  to  the  change  of  direction  of 
the  axis  of  the  telescope.  To  make  the  correction  for  this  change,  let 
l  represent  level  reading  when  micrometer  reading  is  m  and  level 
reading  when  micrometer  reading  is  m{,  then  (lx — l)  D  is  the  change 
required,  the  angular  value  of  D  is  unknown,  but  we  have  found 

D  =  d  R, 


hence  the  correction  is  d  R.  to  be  applied  to  i.  e. 

(77iL-m)  R  —  (Y-z'i)  rt  (Ji — %)  d  R,  or 

R  = _ l—l _ — 

(m-t-m)  nF  (fy-fy  d 

179.  Deducins:  values  of  R  for  each  of  the  observations  taken — the 
mean  will  be  the  very  accurate  value  required.  It  is  to  be  afterward 
corrected  for  refraction  by  the  following  method. 

Find  the  change  in  refraction  for  a  change  of  1'  in  zenith  distance, 
at  the  computed  zenith  distance,  from  the  refraction  tables.  Let  dr 
represent  that  change,  then  R  dr  will  be  the  correction  to  be  subtract¬ 
ed  from  our  value  of  R,  just  found. 

Now  having  R,  D  the  value  of  the  level  division  is  found  from 

D  =  d  R. 
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In  case  of  there  being  more  than  one  movable  thread  in  the  micro¬ 
meter,  the  angular  distance  between  them  may  be  measured  by  noting 
the  number  of  revolutions  given  the  screw  to  bring  one  thread  to  the 
position  occupied  by  the  other  ;  to  be  done  by  bisecting  a  distant 
point  by  each  wire  successively,  carefully  noting  any  change  in  the 
level  reading,  and  applying  the  correction  as  before. 

REDUCTION  TO  THE  MERIDIAN. 

180.  Since  it  may  not  always  be  possible  to  obtain  an  exact  merid¬ 
ian  observation,  a  single  observation  off  the  meridian  may  be  taken 
in  two  ways,  and  by  means  of  the  “  reduction  to  the  meridian ,” 
reduced. 

One  of  the  methods  is  to  follow  the  star,  turning  the  instrument 
in  azimuth,  and  measure  the  exact  zenith  distance — noting  the  time. 
The  reduction  then  is  the  same  as  for  circum-meridian  altitudes.  (See 
Coffin’s  Navigation,  p.  120.) 

The  other  method  is  to  bisect  the  star  off  the  vertical  wire  noting 
the  time.  The  “reduction”  in  this  case  will  be  understood  from  the 
figure. 

The  vertical  thread  being  in  the  plane 
of  the  meridian,  the  micrometer  thread 
xa  at  right  angles  to  it  bisecting  the  star, 
evidently  measures  the  distance  Z  x,  differ¬ 
ing  from  the  meridian  zenith  distance  by 
xy,  the  “  reduction  to  the  meridian.”  To 
find  this  value  solve  the  right  angled 
triangle  xY a,  for  Pa?.  P y  —  Ya  =  polar 
distance  of  star  x  P  a  =  hour  angle  of 
star,  then  tan  Y  x  =  cos  t  cot  d. 

xy  =  p  -  Yx 

This  value  of  the  reduction  will  evi¬ 
dently  be  negative  or  subtractive  from  the 
observed  zenith  distance  when  the  star 
passes  between  the  pole  and  the  zenith, 
and  positive  in  all  other  cases.  The ‘angle 
t  should  always  be  small. 

181.  Referring  to  the  figure,  it  will 
be  seen  that  in  the  first  method  moving 
our  instrument  in  azimuth  gives  the  vertical 


P 


z 


Fig.  25. 
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thread  a  direction  za,  and  the  micrometer  thread  being  perpendicular 
to  it,  the  distance  measured  is  the  apparent  zenith  distance  za.  The 
reduction  in  this  case  may  be  taken  from  Bowditch’s  Tables. 

Other  methods  are  given  in  Chauvenet’s  Astronomy  and  in  the 
Coast  Survey  Publications. 

SELECTION  OF  STARS. 

182.  It  will  in  general  be  necessary  to  obtain  star  catalogues 
especially  prepared  for  this  work,  as  the  ordinary  ephemerides  are 
not  sufficiently  large  to  furnish  a  sufficient  number  of  pairs.  Such 
catalogues  have  been  prepared  for  use  in  Northern  Latitudes  by 
especial  observations.  It  is  evident  that  a  mistake  made  in  the  exact 
position  of  a  star  employed  will  effect  the  latitude  obtained  by 
this  method,  therefore  it  is  recommended  to  select  those  stars  only 
which  have  a  very  satisfactory  authority.  Those  taken  from  the 
catalogues  of  the  Washington  Observatory,  and  of  the  Greenwich 
Observatory,  checked  with  each  other,  will  furnish  one  or  two  dozen 
pairs  for  each  night.  The  stars  selected  should  differ  as  little  as 
possible  in  zenith  distances,  never  more  than  50'  with  the  most 
improved  and  latest  instruments.  The  interval  of  time  between  the 
culminations  of  a  pair  should  be  as  short  as  possible  to  guard  against 
any  possible  change  of  the  instrument,  and  yet  sufficiently  long  to 
permit  the  deliberate  reading  of  the  micrometer  and  the  level  and 
allow  the  instrument  to  be  turned  in  azimuth  with  a  small  margin  for 
taking  up  the  star  and  bisecting  it. 

183.  The  mean  places  of  stars  are  given  in  the  Catalogues.  To 
determine  the  apparent  places,  which  are  the  ones  to  be  used,  the 
student  is  referred  to  Chauvenet’s  Astronomy,  Yol.  I.,  art.  77.  Per¬ 
sonal  errors  and  probable  errors  will  be  found  thoroughly  discussed  in 
Chauvenet’s  Astronomy,  Yol.  II.,  and  in  the  Coast  Survey  Pamphlets, 
to  which  the  student,  who  intends  making  himself  proficient  as  an  ob¬ 
server,  is  referred. 
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D-  Screws  for  adjustment 
of  cross-  wires. 

E  -  Axis  of  rotation. 

F-  Pillars  supporting  axis 
noth  capstan  headed 
screw /'or levelling  axis. 

G  -  Vertical  circle . 

H -level  with  vernier 
attachment  for  leading 
altitudes. 

I  -  Magnifying  glasses  for 

reading  verniers 

J-  Gamp  r  tangent  screws 
/hr  rertiad  circle . 

K-  Upper  (vernier)  v  lower 
(graduated) azimuth plates. 

M-  Gamp  and  tangent  screws 
for  lowrer plate. 

li-  Gamp  and  tangent  screws 
/or  upper  plate . 

Fv  -  Levels  for  levelling 
azinurth  plates . 

O  -  Spindle  cuds  of  rotation, 
of  azimuth  plates. 

P  -  dwelling  screivs. 

,  g  Rh  Screw /or  securing 

instrument  to  tripod. 

S  -  Screw /or  movim/  instm  - 
mmt  trcaisrersefr  in 
order  to  at  are  plumb 
bob  over  centre  of  station 

T-  Tripod . 
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Plate  II. 


THEODOLITE  . 

Bureau  of  Navigation  Pattern  . 


A  -  Telescope . 

B  -  Eye  tube. 

C  -  Ratchet  i  pinion  for  moving 
Rye  tube. 

D  -  Screw  for  ad/astment  of 

cross  wires. 

E  -  Axis  of  rotation . 

F  -  If  Ears  supporting  axis. 
G-  Compass. 

H-  tipper  plate  carrying  Vernier. 
I  -  Lower  ( graduated  J plate . 
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J-  Champ  V tangent  screws 
for  upper  p  fate . 

K-  Levels. 

M-  Ball  S  socket 'joint  with. 

i  levelling  screws . 

N-  Spindle  -  axis  of 

rotation  of  azimuth  plate, . 

T  -  Tripod  . 
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Plate  III 


/  -  -  •  m  s  it  . 


Plate  IV 
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«S«&  Marsh.. 


Wooded  Marsh  . 


Stone  Ledge. 


Coral  Reels . 
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Plate  VII 
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Plate  VITT. 


m.  i. 


PORTABLE  TRANSIT . 


VV- Pivots  and  Hs. 

F  F  -Finders, 
gf -Lords  and  Verniers, 
p  -  Pinion  moving  Eye  tube, 
nr-  Screw  bolt,  moving  were  plate . 
K  -  Rack  and  Pinion  moving 
Eye  piece . 

E  -  Diagonal  Eye  piece . 

A-  Clamp . 

B  Tangent  Screw. 


ZE  NI TH  TELE  SCOPE 


0  P  P-  Counterpoise  atbaehmmt. 
Q  -  Horizontal  Axis. 

N  -  Adjustable  bearing. 

S  -  Movable  stride  level . 

H  K  L  Vertical  Circle,  vernier 
and  level. 

G  Clamp  screw . 

B -  Azimuth  Circle, 
bb- Steps. 

e.  damp  and  vernier. 

E  -  Alierwneter . 
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Plate  IX 


NOTIT  ■  OF 

VE  RNfRlVEl 


38  58  53  JV 
5  5  57  TP 


Observatory 


Variation 
Corrected  Est 


ilishment 


mm 


The  stations  are  represented  by  small  circles 
and  are  designated  by  letters  of  the  Alphabet 
7’he  dotted  lines  shuns  die  angles  by  which, 
the  stations  are  fixed . 


<*\  tat 


Showing  funs  leftside  of’l<  n*ee 
iy  the  back  angle  and  ph 
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Luce’s  Seamanship. 

Fourth  Edition . 

Illustrated  by  89  full-page  copperplate  engravings.  8vo.  Half  Roan.  $7.50. 

SEAMANSHIP.  Compiled  from  various  authorities,  and  Illus¬ 
trated  with  numerous  Original  and  Selected  Designs.  For  the 
use  of  the  United  States  Naval  Academy.  By  S.  B.  Luce,  Lieu¬ 
tenant-Commander  U.  S.  N.  In  two  parts.  Fourth  edition, 
revised  and  improved.  1  vol  ,  crown  octavo. 

Text-Book  at  the  U.  S.  Naval  Academy,  Annapolis. 


Barnes’  Submarine  Warfare. 

With  20  Lithographic  Plates  and  many  Wood-cuts.  8vo.  Cloth.  $5.00. 

SUBMARINE  WARFARE,  DEFENSIVE  AND  OFFENSIVE. 
Comprising  a  full  and  complete  History  of  the  invention  of  the 
Torpedo,  its  employment  in  War,  and  results  of  its  use.  De¬ 
scriptions  of  the  various  forms  of  Torpedoes,  Submarine  Batteries 
and  Torpedo  Boats  actually  used  in  War.  Methods  of  Ignition 
by  Machinery,  Contact  Fuses,  and  Electricity,  and  a  full  account 
of  experiments  made  to  determine  the  Explosive  Force  of  Gun¬ 
powder  under  water.  Also  a  discussion  of  the  offensive  Torpedo 
system,  its  effect  upon  Iron-Clad  Ship  systems,  and  influence 
upon  Future  Naval  Wars.  By  Lieut.-Commander  John  S. 
Baenes,  U.  S.  N. 
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Jeffers’  Nautical  Surveying. 

Illustrated  with  9  Copperplates  and  31  Wood-cut  Illustrations.  8vo. 

Cloth.  $5.00. 

NAUTICAL  SUEVEYING.  By  William  N.  Jeffers,  Captain 
U.  S.  Navy. 

Many  books  have  been  written  on  each  of  the  subjects  treated  of  in  the 
sixteen  chapters  of  this  work;  and,  to  obtain  a  complete  knowledge  of 
geodetic  surveying  requires  a  profound  study  of  the  whole  range  of  mathe¬ 
matical  and  physical  sciences ;  but  a  year  of  preparation  should  render  any 
intelligent  officer  competent  to  conduct  a  nautical  survey. 

Contents. — Chapter  I.  Formulae  and  Constants  Useful  in  Survejung 
II.  Distinctive  Character  of  Surveys.  III.  Hydrographic  Surveying  under 
Sail ;  or,  Running  Survey.  IY.  Hydrographic  Surveying  of  Boats ;  or,  Har¬ 
bor  Survey.  Y.  Tides — Definition  of  Tidal  Phenomena — Tidal  Observations. 
YI.  Measurement  of  Bases — Appropriate  and  Direct.  VII.  Measurement  o  f 
the  Angles  of  Triangles — Azimuths — Astronomical  Bearings.  VIII.  Correc¬ 
tions  to  be  Applied  to  the  Observed  Angles.  IX.  Levelling — Difference  of 
Level.  X.  Computation  of  the  Sides  of  the  Triangulation — The  Three-point 
Problem.  XI.  Determination  of  the  Geodetic  Latitudes,  Longitudes,  and 
Azimuths,  of  Points  of  a  Triangulation.  XII.  Summary  of  Subjects  treated 
of  in  preceding  Chapters — Examples  of  Computation  by  various  Formulae. 
XIII.  Projection  of  Charts  and  Plans.  XIV.  Astronomical  Determination  of 
Latitude  and  Longitude.  XV.  Magnetic  Observations.  XVI.  Deep  Sea 
Soundings.  XVII.  Tables  for  Ascertaining  Distances  at  Sea,  and  a  full 
Index. 

List  of  Plates. 

Plate  I.  Diagram  Illustrative  of  the  Triangulation.  II.  Specimen  Page 
of  Field  Book.  III.  Running  Survey  of  i  Coast.  IV.  Example  of  a  Running 
Survey  from  Belcher.  V.  Flying  Survey  of  an  Island.  VI.  Survey  of  a 
Shoal.  VII.  Boat  Survey  of  a  River.  VIII.  Three-Point  Problem.  IX. 
Triangulation. 


Coffin’s  Navigation. 

Fifth  Edition. 

12mo.  Cloth.  $3.50. 

NAVIGATION  AND  NAUTICAL  ASTBONOMY.  Prepared 
for  the  use  of  the  U.  S.  Naval  Academy.  By  J.  H.  C.  Coffin, 
Prof,  of  Astronomy,  Navigation  and  Surveying,  with  52  wood- 
cut  illustrations.  a4 
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Clark’s  Navigation. 

Illustrated.  8vo.  Cloth.  $3.00. 

THEORETICAL  NAVIGATION  AND  NAUTICAL  ASTRON¬ 
OMY.  By  Lewis  Clark,  Lieut. -Commander,  U.  S.  Navy.  I 


Simpson’s  Ordnance  and  Naval 

Gunnery. 

Fifth  Edition,  Revised  and  Enlarged . 

Illustrated  with  185  Engravings.  8vo.  Cloth.  $5.00. 

A  TREATISE  ON  ORDNANCE  AND  NAVAL  GUNNERY. 
Compiled  and  arranged  as  a  Text-Book  for  the  U.  S.  Naval 
Academy,  by  Commander  Edward  Simpson,  U.  S.  N. 

Young  Seaman’s  Manual. 

8vo.  Half  Roan.  $3.00. 

THE  YOUNG  SEAMAN’S  MANUAL.  Compiled  from  va¬ 
rious  authorities,  and  illustrated  with  numerous  original  and 
select  Designs.  For  the  use  of  the  U.  S.  Training  Ships  and 
the  Marine  Schools. 


Harwood’s  Naval  Courts-Martial. 

8  vo.  Law-sheep.  $4.00. 

LAW  AND  PRACTICE  OF  UNITED  STATES  NAVAL 
COURTS-MARTIAL.  By  A.  A.  Harwood,  U.  S.  N.  Adopted 
as  a  Text-Book  at  the  U.  S.  Naval  Academy. 


Parker’s  Squadron  Tactics. 

Illustrated  by  77  Plates.  8vo.  Cloth.  $5.00. 

SQUADRON  TACTICS  UNDER  STEAM.  By  Foxhall  A. 
Parker,  Captain  U.  S.  Navy.  Published  by  authority  of  the 
Navy  Department. 
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Parker’s  Fleet  Tactics. 

18mo.  Cloth.  $2.50. 

FLEET  TACTICS  UNDER  STEAM.  By  Eoxhall  A.  Parker, 
Captain  U.  S.  Navy.  Illustrated  by  140  wood-cuts. 

Parker’s  Naval  Howitzer  Ashore. 

2G  Plates.  8vo.  Cloth.  $4.00. 

THE  NAVAL  HOWITZER  ASHORE.  By  Eoxhall  A.  Parker, 
Captain  U.  S.  Navy.  With  plates.  Approved  by  the  Navy 
Department. 

Parker’s  Naval  Howitzer  Afloat. 

32  Plates.  8vo.  Cloth.  $4.00. 

THE  NAVAL  HOWITZER  AFLOAT.  By  Eoxhall  A.  Parker, 
Captain  U.  S.  Navy.  With  plates.  Approved  by  the  Navy  De¬ 
partment. 

Brandt’s  G-unnery  Catechism. 

Revised  Edition.  Illustrated. 

18mo.  Cloth.  $1.50. 

GUNNERY  CATECHISM.  As  applied  to  the  service  of  Naval 
Ordnance.  Adapted  to  the  latest  Official  Regulations,  and  ap¬ 
proved  by  the  Bureau  of  Ordnance,  Navy  Department.  By  J. 
D.  Brandt,  formerly  of  the  U.  S.  Navy. 

“ Bureau  of  Ordnance,  Navy  Department,  ) 
Washington  City,  July  30,  1864.  ) 

“  Mr.  J.  D.  Brandt,— 

«  gIR> _ Your  ‘  Catechism  of  Gunnery,  as  applied  to  the  service  of  Naval 

Ordnance,’  having  been  submitted  to  the  examination  of  ordnance  officers,  and 
favorably  recommended  by  them,  is  approved  by  this  Bureau. 

I  am,  Sir,  Your  obedient  servant, 

«  H.  A.  Wise,  Chief  of  Bureau.” 
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4to.  Cloth.  $G.OO. 

THE  NAVAL  DRY  DOCKS  OF  THE  UNITED  STATES.  By 
Gen.  C.  B.  Stuart.  Illustrated  with  twenty-four  fine  engravings 
on  steel. 


Murphy  and  Jeffers’  Nautical  Routine. 

8vo.  Cloth.  $2.50. 

NAUTICAL  ROUTINE  AND  STOWAGE.  With  Short  Rules 
in  Navigation.  By  John  McLeod  Murphy  and  Wm.  N.  Jeffers, 
Jr.,  U.  S.  N. 


Barrett’s  Dead  Reckoning. 

8vo.  Flexible  Cloth.  $1.25. 

DEAD  RECKONING ;  Or,  Day’s  Work.  By  Edward  Barrett, 
U.  S.  Navy. 


Our  Naval  School  and  Naval  Officers. 

12mo.  Cloth.  75  cents. 

A  GLANCE  AT  TIIE  CONDITION  OF  THE  FRENCH 
NAVY  PRIOR  TO  THE  LATE  FRANCO-GERMAN 
WAR.  Translated  from  the  French  of  M.  Di:  Ckisknoy  by 
Commander  R.  W.  Meade,  U.  s.  N. 


Ward’s  Naval  Tactics. 

8  vo.  Cloth.  $13.00. 

‘  MANUAL  OF  NAVAL  TACTICS  :  Together  with  a  Brief  Criti¬ 
cal  Analysis  of  the  principal  Modern  Naval  Battles.  By  James 
H.  Ward,  Commander  U.  S.  N.  With  an  Appendix,  being  an 
extract  from  Sir  Howard  Douglas’s  “  NavalWarfare  with  Steam.” 
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Osbon’s  Hand-Book  of  the  United 

States  Navy. 

12mo.  Cloth.  $1.50. 

HAND-BOOK  OF  THE  UNITED  STATES  NAVY.  Being  a 
compilation  of  all  the  principal  events  in  the  history  of  every  vessel 
of  the  United  States  Navy  from  April,  1861,  to  May,  1864.  Com¬ 
piled  and  arranged  by  B.  S.  Osbon. 


Totten’s  Naval  Text-Book. 

Second  and  Revised  Edition , 

12mo.  Cloth.  $3.00. 

NAVAL  TEXT-BOOK.  Naval  Text-Book  and  Dictionary,  com¬ 
piled  for  the  use  of  Midshipmen  of  the  U.  S.  Navy.  By  Com¬ 
mander  B.  J.  Totten,  U.  S.  N. 

“  This  work  is  prepared  for  the  Midshipmen  of  the  United  States  Navy. 
It  is  a  complete  manual  of  instructions  as  to  the  duties  which  pertain  to  tlicir 
office,  and  appears  to  h:  ve  been  prepared  with  great  care,  avoiding  errors  and 
inaccuracies  which  had  crept  into  a  former  edition  of  the  work,  and  embracing 
valuable  additional  matter.  It  is  a  book  which  should  be  in  the  hands  of  every 
midshipman,  and  every  officer  of  high  rank  in  the  navy  would  often  find  it  a 
useful  companion.” — Boston  Journal. 


Roe’s  Naval  Duties. 

12mo.  Cloth.  $1.50. 

NAVAL  DUTIES  AND  DISCIPLINE  :  With  the  Policy  and 
Principles  of  Naval  Organization.  By  F.  A.  Koe,  late  Com¬ 
mander  U.  S.  Navy. 

“  The  author's  design  was  undoubtedly  to  furnish  young  officers  some 
general  instruction  drawn  from  long  experience,  to  aid  in  the  better  discharge 
of  their  official  duties,  and,  at  the  same  time,  to  furnish  other  people  with  a 
book  which  is  not  technical,  and  yet  thoroughly  professional.  It  throws  light 
upon  the  Navy  -its  organization,  its  achievements,  its  interior  life.  Every¬ 
thing  is  stated  as  tersely  as  possible,  and  this  is  one  of  the  advantages  of  the 
book,  considering  that  the  experience  and  professional  knowledge  of  twenty- 
five  years’  service,  are  crowded  somewhere  into  its  pages.  ”  —  Army  and  Navy 
Journal. 
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Fourth  Edition,  Revised.  8vo.  Cloth.  $10.00. 

A  Manual  of  Theoretical  Mechanics.  By  Julius  Weisbach,  Ph.  D. 
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F rancis’  Lowell  Hydraulics. 

Third  Edition.  4to.  Cloth.  $15.00. 

Lowell  Hydraulic  Experiments — being  a  Selection  from  Experi¬ 
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With  23  copperplates,  beautifully  engraved,  and  about  100  new  pages 
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Kirkwood  on  Filtration. 

4to.  Cloth.  $15.00. 

Report  on  the  Filtration  of  River  Waters,  for  the  Supply  of 
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The  Geology  of  Pennsylvania.  A  Government  Survey.  With  a  gen¬ 
eral  view  of  the  Geology  of  the  United  States,  Essays  on  the  Coal  For¬ 
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America  and  Great  Britain.  By  IIenky  Darwin  Rogers,  Late  State 
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Merrill’s  Iron  Truss  Bridges. 

Third  Edition.  4to.  Cloth.  $5.00. 
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8vo,  87  wood-cut  illustrations.  Cloth.  $5.00. 

A  Treatise  on  the  Strength  of  Bindges  and  Roofs — comprising 
the  determination  of  Algebraic  formulas  for  Strains  in  Horizontal,  In¬ 
clined  or  Rafter,  Triangular,  Bowstring,  Lenticular  and  other  Trusses, 
from  fixed  and  moving  loads,  with  practical  applications  and  examples, 
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Illustrated  with  five  lithographic  views  and  twelve  plates  of  plans. 
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position  of  the  present  practice  of  the  following  firms  :  Messrs.  J.  Penn 
&  Sons;  Messrs.  Maudslay,  Sons  &  Field  ;  Messrs.  James  Watt  &  Co.  ; 
Messrs.  J.  &  G.  Iiennie;  Messrs.  R.  Napier  &  Sons;  Messrs.  J.  &  W. 
Dudgeon  ;  Messrs.  Ravenhill  &  Hodgson ;  Messrs.  Humphreys  &  Ten¬ 
ant;  Mr.  J.  T.  Spencer,  and  Messrs.  Forrester  &  Co.  By  N.  P.  Buiigli, 
Engineer. 

King’s  Notes  on  Steam. 

Nineteenth  Edition.  8vo.  $2.00. 

Lessons  and  Practical  Notes  on  Steam, — the  Steam  Engine,  Propel¬ 
lers,  &c.,  &c.,  for  Young  Engineers.  By  the  late  W.  R.  King,  U.  S.  N. 
Revised  by  Chief-Engineer  J.  W.  King,  U.  S.  Navy. 

Link:  and  Valve  Motions,  by  W.  S. 

Anchincloss. 

Sixth  Edition.  8vo.  Cloth.  $3.00. 

Application  of  the  Slide  Valve  and  Link  Motion  to  Stationary, 
Portable,  Locomotive  and  Marine  Engines.  By  William  S.  Auchin- 
closs.  Designed  as  a  hand-book  for  Mechanical  Engineers.  Dimen¬ 
sions  of  the  valve  are  found  by  means  of  a  Printed  Scale,  and  propor¬ 
tions  of  the  link  determined  without  the  assistance  of  a  model.  With 
37  wood-cuts  and  21  lithographic  plates,  with  copperplate  engraving  of 
the  Travel  Scale. 

Bacon’s  Steam-Engine  Indicator. 

12mo.  Cloth.  $1.00  Mor.  $1.50. 

A  Treatise  on  the  Richards  Steam-Engine  Indicator, — with 
directions  for  its  use.  By  Charles  T.  Porter.  Revised,  with  notes 
and  large  additions  as  developed  by  American  Practice,  with  an  Ap¬ 
pendix  containing  useful  formuke  and  rules  for  Engineers.  By  F.  W. 
Bacon,  M.  E.,  Illustrated.  Second  Edition. 

Isherwood’s  Engineering  Precedents. 

Two  Vols.  in  One.  8vo.  Cloth.  $2.50. 

Engineering  Precedents  for  Steam  Machinery. — By  B.  E.  Isiier- 
wood,  Chief  Engineer,  U.  S.  Navy.  With  illustrations. 
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Slide  Valve  by  Eccentrics,  by  Prof.  C.  W.  Mac- 

Cord. 

4to.  Illustrated.  Cloth,  S3. 00 

A  Practical  Treatise  on  the  Slide  Valve  by  Eccentrics, — 
examining  by  methods  the  action  of  the  Eccentric  upon  the  Slide 
Valve,  and  explaining  the  practical  processes  of  laying  out  the  movements, 
adapting  the  valve  for  its  various  duties  in  the  steam-engine.  For  the 
use  of  Engineers,  Draughtsmen,  Machinists,  and  Students  of  valve 
motions  in  general.  By  C.  W.  MacCord,  A.  M.,  Professor  of 
Mechanical  Drawing,  Stevens’  Institute  of  Technology,  Hoboken,  N.  J. 

Stillman’s  Steam-Engine  Indicator. 

12mo.  Cloth.  $1.00 

The  Steam-Engine  Indicator, — and  the  Improved  Manometer  Steam 
and  Vacuum  Gauges  ;  their  utility  and  application.  By  Paul  Still¬ 
man.  New  edition. 

Porter’s  Steam-Engine  Indicator. 

Third  Edition.  Revised  and  Enlarged.  8vo.  Illustrated.  Cloth.  $3.50. 

A  Treatise  on  tiie  Richards  Steam-Engine  Indicator, — and  the 
Development  and  Application  of  Force  in  the  Steam-Engine.  By 
Charles  T.  Porter. 

McCnllocli’s  Theory  of  Heat. 

c/ 

8 vo.  Cloth.  3.50. 

A  Treatise  on  the  Mechanical  Theory  of  Heat,  and  its 
Applications  to  the  Steam-Engine.  By  Prof.  R.  S.  McCulloch, 
of  the  Washington  and  Lee  University,  Lexington,  Va. 

Van  Karen’s  Formal  as. 

8vo.  Cloth.  $2.00. 

Investigations  of  Formulas, — for  the  Strength  of  the  Iron  parts  of 
Steam  Machinery.  By  J.  D.  Van  Buren,  Jr.,  C.  E.  Illustrated. 


Staart’s  Saccessfal  Engineer. 

18 mo.  Boards.  50  cents. 

How  to  Become  a  Successful  Engineer.  Being  Hints  to  Youths 
intending  to  adopt  the  Profession.  By  Bernard  Stuart,  Engineer. 
Sixth  Edition. 
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Stuart’s  Naval  Dry  Docks. 

Twenty-four  engravings  on  steel.  Fourth  edition.  4to.  Cloth.  $6.00. 

The  Naval  Dry  Docks  of  the  United  States.  By  Charles  B. 
Stuart,  Engineer  in  Chief  U.  S.  Navy. 

Ward’s  Steam  for  the  Million. 

8vo.  Cloth.  $1.00. 

Steam  for  the  Million.  A  Popular  Treatise  on  Steam  and  its 
Application  to  the  Useful  Arts,  especially  to  Navigation.  By  J.  H. 
Ward,  Commander  U.  S.  Navy. 

T  a  Tine  i*  on  Roll-Turning. 

1  vol.  8vo.  and  1  vol.  folio  plates.  $10.00. 

A  Treatise  on  Roll-Turning  for  the  Manufacture  of  Iron, 
by  Peter  Tunner.  Translated  by  John  B.  Pearse,  of  the  Penn¬ 
sylvania  Steel  Works.  With  numerous  wood-cuts,  8vo.,  together  with 
a  folio  atlas  of  10  lithographed  plates  of  Rolls,  Measurements,  &c. 

•  • 

G rimer  on  Steel. 

8vo.  Cloth.  $3.50. 

•  • 

The  Manufacture  of  Steel.  By  M.  L.  Gruner  ;  translated  from 
the  French.  By  Lenox  Smith,  A.M.,  E.M.  ;  with  an  Appendix  on 
the  Bessemer  Process  in  the  United  States,  by  the  translator.  Illus¬ 
trated  by  lithographed  drawings  and  wood-cuts. 

Barba  on  the  Use  of  Steel. 

12mo.  Illustrated.  Cloth.  $1.50. 

The  Use  of  Steel  in  Construction.  Methods  of  Working,  Apply 
ing,  and  Testing  Plates  and  Bars.  By  J.  Barra,  Chief  Naval 
Constructor.  Translated  from  the  French,  with  a  Preface,  by  A.  L. 
Holley,  P.B. 

Bell  on  Iron  Smelting. 

8  vo.  Cloth.  $6.00. 

Chemical  Phenomena  of  Iron  Smelting.  An  experimental  and 
practical  examination  of  the  circumstances  which  determine  the 
capacity  of  the  Blast  Furnace,  the  Temperature  of  the  Air,  and  the 
Proper  Condition  of  the  Materials  to  be  operated  upon.  By 
1.  Lowtiiian  Bell. 
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The  Useful  Metals  and  their  Alloys  ;  Scoffren, 

Truran,  and.  others. 

Fifth  Edition.  8vo.  Half  calf.  S3. 75 

The  Useful  Metals  and  their  Alloys,  employed  in  the  conver¬ 
sion  of  Iron,  Copper,  Tin,  Zinc,  Antimony,  and  Lead  Ores, 
with  their  applications  to  the  Industrial  Arts.  By  John  Scof¬ 
fren,  William  Truran,  William  Clay,  Robert  Oxi.and, 
William  Fairbairn,  W.  C.  Aitkin,  and  William  Vose  Pickett. 

Collins’  Useful  Alloys. 

18mo.  Flexible.  75  cents. 

The  Private  Book  of  Useful  Alloys  and  Memoranda  for  Gold¬ 
smiths,  Jewellers,  etc.  By  James  E.  Collins. 

Toy nson’s  Metal  Used  in  Construction. 

12mo.  Cloth.  75  cents. 

The  Metals  Used  in  Construction  :  Iron,  Steel,  Bessemer  Metal, 
etc.,  etc.  By  Francis  II.  Joynson.  Illustrated. 

Dodd’s  Dictionary  of  Manufactures,  etc. 

12mo.  Cloth.  $1.50. 

Dictionary  of  Manufactures,  Mining,  Machinery,  and  tiih 
Industrial  Arts.  By  George  Dodd. 

Von  Cotta’s  Ore  Deposits. 

8vo.  Cloth.  $4.00. 

Treatise  on  Ore  Deposits.  By  Bernhard  Yon  Cotta,  Professor 
of  Geology  in  the  Royal  School  of  Mines,  Freid-burg,  Saxony.  Trans¬ 
lated  from  the  second  German  edition,  by  Frederick  Prime,  Jr., 
Mining  Engineer,  and  revised  by  the  author;  with  numerous  illus¬ 
trations. 

Plattner’s  Plow-Pipe  Analysis. 

Third  Edition.  Revised.  5G8  pages.  8vo.  Cloth.  $5.00. 

Plattner’s  Manual  of  Qualitative  and  Quantitative  Analy¬ 
sis  with  the  Plow-Pipe.  From  the  last  German  edition,  Revised 
and  enlarged.  By  Prof.  Th.  Richter,  of  the  Royal  Saxon  Mining 
Academy.  Tra  lslated  by  Professor  II.  B.  Cornwall  ;  assisted  by 
John  II.  Caswell.  With  eighty-seven  wood-cuts  and  Lithographic 
Plate. 
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Plympton’s  Blow-Pipe  Analysis. 

12mo.  Cloth.  $1.50. 

The  Blow-Pipe:  A  Guide  to  its  Use  in  the  Determination  of  Salts 
and  Minerals.  Compiled  from  various  sources,  by  George  W. 
Plympton,  C.E.,  A.M.,  Professor  of  Physical  Science  in  the  Polytech¬ 
nic  Institute,  Brooklyn,  N.Y. 

Pynchon’s  Chemical  Physics. 

New  Edition.  Revised  and  enlarged.  Crown  8vo.  Cloth.  $3.00. 

Introduction  to  Chemical  Physics  ;  Designed  for  the  Use  of 
Academies,  Colleges,  and  High  Schools.  Illustrated  with  numerous 
engravings,  and  containing  copious  experiments,  with  directions  for 
preparing  them.  By  Thomas  Ruggles  Pynchon,  M.A.,  President 
of  Trinity  College,  Hartford. 

Eliot  and  Storer’s  Qualitative  Chemical 

Analysis. 

New  Edition.  Revised.  12ino.  Illustrated.  Cloth.  $1.50. 

A  Compendious  Manual  of  Qualitative  Chemical  Analysis. 
By  Charles  W.  Eliot  and  Frank  H.  Storer.  Revised,  with 
the  cooperation  of  the  Authors,  by  William  Ripley  Nichols, 
Professor  of  Chemistry  in  the  Massachusetts  Institute  of  Technology. 

Rammelsberg’s  Chemical  Analysis. 

8vo.  Cloth.  $2.25. 

Guide  to  a  Course  of  Quantitative  Chemical  Analysis, 
Especially  of  Minerals  and  Furnace  Products.  Illustrated 
by  Examples.  By  C.  F.  Rammelsberg.  Translated  by  J.  Towler, 
M.D. 

Naquet’s  Legal  Chemistry. 

Illustrated.  12mo.  Cloth.  $2.00. 

Legal  Chemistry.  A  Guide  to  the  Detection  of  Poisons,  Falsifica¬ 
tion  of  Writings,  Adulteration  of  Alimentary  and  Pharmaceutical 
Substances ;  Analysis  of  Ashes,  and  Examination  of  Hair,  Coins, 
Fire-arms,  and  Stains,  as  Applied  to  Chemical  Jurisprudence.  For 
the  Use  of  Chemists,  Physicians,  Lawyers,  Pharmacists,  and  Experts. 
Translated,  with  additions,  including  a  List  of  Books  and  Memoirs 
on  Toxicology,  eto.,  from  the  French  of  A.  Naquet.  By  J.  P. 
Battershall,  Ph.  D.,  with  a  Preface  by  C.  F.  Chandler,  Ph.  I>., 
M.D.,  LL.D. 
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Prescott’s  Proximate  Organic  ^Analysis. 

12mo.  Cloth.  $1.75. 

Outlines  of  Proximate  Organic  Analysis,  for  the  Identification, 
Separation,  and  Quantitative  Determination  of  the  more  commonly 
occurring  Organic  Compounds.  By  Albert  B.  Prescott,  Professor 
of  Organic  and  Applied  Chemistry  in  the  University  of  Michigan. 

_  . .  ....... _ _ _  _ —  i 

Prescott’s  Alcoholic  Liquors. 

12mo.  Cloth.  $1.50. 

Chemical  Examination  of  Alcoholic  Liquors. — A  Manual  of  the 
Constituents  of  the  Distilled  Spirits  and  Fermented  Liquors  of  Com¬ 
merce,  and  their  Qualitative  and  Quantitative  Determinations.  By 
Albert  B.  Prescott,  Professor  of  Organic  and  Applied  Chemistry 
in  the  University  of  Michigan. 

Pope’s  Modern  Practice  of  the  Electric 

Telegraph. 

Ninth  Edition.  8vo.  Cloth.  $2.00. 

A  Hand-book  for  Electricians  and  Operators.  By  Frank  L.  Pope. 
Ninth  edition.  Revised  and  enlarged,  and  fully  illustrated. 

Sabine’s  History  of  the  Telegraph. 

Second  Edition.  12mo.  Cloth.  $1.25. 

History  and  Progress  of  the  Electric  Telegraph,  with  De¬ 
scriptions  of  some  of  the  Apparatus.  By  Robert  Sabine,  C.E. 

Haskins’  Galvanometer. 

Pocket  form.  Illustrated.  Morocco  tucks.  $2.00. 

The  Galvanometer,  and  its  Uses  ; — A  Manual  for  Electricians 
and  Students.  By  C.  II.  Haskins. 

Myer’s  Manual  of  Signals. 

New  Edition.  Enlarged.  12ino.  48  Plates,  full  Roan.  $5.00. 

Manual  of  Signals,  for  the  Use  of  Signal  Officers  in  the  Field.  By 
Brig.-Gen.  Albert  J.  Myer,  Chief  Signal  Officer  of  the  Army. 

Larrabee’s  Secret  Letter  and  Telegraph 

lSiuo.  Cloth.  $1.00. 

Cipher  and  Secret  Letter  and  Telegraphic  Code,  with  Hogg  s 
Improvements.  By  C.  S  Larrabee. 
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Gillmore’s  Limes  and  Cements. 

Fifth  Edition.  Revised  and  Enlarged.  8vo.  Cloth.  $4.00. 

Practical  Treatise  on  Limes,  Hydraulic  Cements,  and  Mor¬ 
tars.  By  Q.  A.  Gillmore,  Lt.-Col.  U.  S.  Corps  of  Engineers. 
Brevet  Major-General  U.  S.  Army. 

Gillmore’s  Coignet  Tieton. 

Nine  Plates,  Views,  etc.  8vo.  Cloth.  $2.50. 

Coignet  Beton  and  Other  Artificial  Stone. — By  Q.  A.  Gill- 
more,  Lt.-Col.  U.  S.  Corps  of  Engineers,  Brevet  Major-General  U.S. 
Army. 

Gill  more  on  Hoads. 

Seventy  Illustrations.  12mo.  Cloth.  .$2,00. 

A  Practical  Treatise  on  tiie  Construction  of  Roads,  Streets, 
and  Pavements.  By  Q.  A.  Gillmore,  Lt.-Col.  U.  S.  Corps  of 
Engineers,  Brevet  Major-General  U.  S.  Army. 

Gillmore’s  Bnilding  Stones. 

8vo.  Cloth.  $1.50. 

Report  on  Strength  of  the  Building  Stones  in  the  United 
States,  etc. 

Ilolley’s  Hail  way  Practice. 

1  vol.  folio.  Cloth.  $12.00. 

American  and  European  Railway  Practice,  in  the  Economical 
Generation  of  Steam,  including  the  materials  and  construction  of 
Coal-burning  Boilers,  Combustion,  the  Variable  Blast,  Vaporization, 
Circulation,  Super-heating,  Supplying  and  Heating  Feed-water,  &c., 
and  the  adaptation  of  Wood  and  Coke-burning  Engines  to  Coal¬ 
burning  ;  and  in  Permanent  Way,  including  Road-bed,  Sleepers, 
Rails,  Joint  Fastenings,  Street  Railways,  etc.,  etc.  By  Alexander 
L.  Holley,  B.P.  With  77  lithogra;  hed  plates. 

Useful  Information,  for  Ti railway  Men. 

Pocket  form.  Morocco,  gilt.  $2.00. 

Compiled  by  W.  G.  Hamilton,  Engineer.  Sixth  Edition,  Revised 
and  Enlarged.  570  pages. 
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Stuart’s  Civil  and  Military  Engineering  of 

America. 

8vo.  illustrated.  Cloth.  $£5.00. 

Tiie  Civil  axd  Military  Engineers  of  America.  By  General 
Charles  B.  Stuart,  Author  of  “  Naval  Dry  Docks  of  the  United 
States,”  etc.,  etc.  Embellished  with  nine  finely-executed  Portraits 
on  steel  of  eminent  Engineers,  and  illustrated  by  Engravings  of  some 
of  the  most  important  and  original  works  constructed  in  America. 

Ernst's  Mannal  of*  Military  Engineering. 

193  Wood-cuts  and  3  Lithographed  Plates.  12mo.  Cloth.  $5.00. 

A  Manual  of  Practical  Military  Engineering.  Prepared  for 
the  use  of  the  Cadets  of  the  U.  S.  Military  Academy,  and  for  Engineer 
Troops.  By  Capt.  O.  II.  Ernst,  Corps  of  Engineers,  Instructor  in 
Practical  Military  Engineering,  U.  S.  Military  Academy. 

Simms’  Levelling. 

12mo.  Cloth.  $2.50. 

A  Treatise  on  the  Principles  and  Practice  of  Levelling, 
showing  its  application  to  purposes  of  Railway  Engineering  and  the 
Construction  of  Roads,  etc.  By  Frederick  \V.  Simms,  C.E.  From 
the  fifth  London  edition,  Revised  and  Corrected,  with  the  addition  of 
Mr.  Law’s  Practical  Examples  for  Setting-out  Railway  Curves. 
Illustrated  with  three  lithographic  plates  and  numerous  wood-cuts. 

Jeffers’  Nautical  Surveying. 

Illustrated  with  9  Copperplates  and  31  Wood-cut  Illustrations.  8vo.  Cloth.  $5.00. 

Nautical  Surveying.  By  William  N.  Jeffers,  Captain  U.  S. 
Navy. 

- - ^ - 

Brunnow’s  Spherical  Astronomy. 

Illustrated.  8vo.  Cloth.  $0.50. 

Spherical  Astronomy.  By  F.  Brunnow,  Ph.  Dr.  Translated  by 
the  Author  from  the  second  German  edition. 

The  Plane  Table. 

8vo.  Cloth.  $2.00. 

Its  Uses  in  Topographical  Surveying.  From  the  papers  of  the 
U.  S.  Coast  Survey. 
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Cliau  vcnet’s  Lunar  Distances. 

8vo.  Cloth.  $2.00. 

New  Method  of  Correcting  Lunar  Distances,  and  Improved 
Method  of  Finding  the  Error  and  Rate  of  a  Chronometer,  by  equal 
altitudes.  By  Wm.  Chauvenet,  LL.D.,  Chancellor  of  Washington 
University  of  St.  Louis. 

Burt’s  Key  to  Solar  Compass. 

Second  Edition.  Pocket-book  form.  Tuck.  $2.50. 

Key  to  the  Solar  Compass,  and  Surveyor’s  Companion  ;  comprising 
all  the  Rules  necessary  for  use  in  the  Field  ;  also  Description  of  the 
Linear  Surveys  and  Public  Land  System  of  the  United  States,  Notes 
on  the  Barometer,  Suggestions  for  an  Outfit  for  a  Survey  of  Four 
Months,  etc.  By  W.  A.  Burt,  U.  S.  Deputy  Surveyor. 

Howard’s  Earthwork  Mensuration. 

8vo.  Illustrated.  Cloth.  $1.50. 

Earthwork  Mensuration  on  the  Basis  of  the  Prismoidal 
Formulae.  Containing  simple  and  labor-saving  method  of  obtaining 
Prismoidal  Contents  directly  from  End  Areas.  Illustrated  by 
Examples,  and  accompanied  by  Plain  Rules  for  practical  uses.  By 
Conway  R.  Howard,  Civil  Engineer,  Richmond,  Ya. 

Morris’  Easy  Kules. 

78  Illustrations.  8vo.  Cloth.  $1.50. 

Easy  Rules  for  the  Measurement  of  Earthworks,  by  means  of 
the  Prismoidal  Formula.  By  Elwood  Morris,  Civil  Engineer. 

Clevenger’s  Surveying. 

Illustrated  Focket  Form.  Morocco,  gilt.  $2.50. 

A  Treatise  on  the  Method  of  Government  Surveying,  as 
prescribed  by  the  U.  S.  Congress  and  Commissioner  of  the  General 
Land  Office.  With  complete  Mathematical,  Astronomical,  and  Prac¬ 
tical  Instructions  for  the  use  of  the  U.  S.  Surveyors  in  the  Field,  and 
Students  who  contemplate  engaging  in  the  business  of  Public  Land 
Surveying.  By  S.  V.  Clevenger,  U.  S.  Deputy  Surveyor. 

Ilewson  oa  Embankments. 

8vo.  Cloth.  $2.00. 

Principles  and  Practice  of  Embanking  Lands  from  River 
Floods,  as  applied  to  the  Levees  of  the  Mississippi.  By  William 
Hewson,  Civil  Engineer. 
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Minifie’s  Mechanical  Drawing. 

Ninth  Edition.  Royal  8vo.  Cloth.  $4.00. 

A  Text-Book  of  Geometrical  Drawing,  for  the  use  of  Mechanics 
and  Schools.  With  illustrations  for  Drawing  Plans,  Sections,  and 
Elevations  of  Buildings  and  Machinery  ;  an  Introduction  to  Iso  metri¬ 
cal  Drawing,  and  an  Essay  on  Linear  Perspective  and  Shadows. 
With  over  200  diagrams  on  steel.  By  William  Minifie,  Architect. 
With  an  Appendix  on  the  Theory  and  Application  of  Colors. 

MinifLe’s  Geometrical  Drawing. 

New  Edition.  Enlarged.  12mo.  Cloth.  $2.00. 

Geometrical  Drawing.  Abridged  from  the  octavo  edition,  for  the 
use  of  Schools.  Illustrated  with  48  steel  plates. 

i 

Free  Hand  Drawing. 

Profusely  Illustrated.  18mo.  Boards.  50  cents. 

A  Guide  to  Ornamental,  Figure,  and  Landscape  Drawing.  By  an 
Art  Student. 

The  Mechanic’s  Friend. 

12mo.  Cloth.  300  Illustrations.  $1.50. 

The  Mechanic’s  Friend.  A  Collection  of  Receipts  and  Practical 
Suggestions,  relating  to  Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding — Glass-wTorking — Glues — Horology —  Lac¬ 
quers — Locomotives — Magnetism — Metal-working —  Modelling —  Pho¬ 
tography — Pyrotechny — Railways  —  Solders  —  Steam-Engine  —  Tele¬ 
graphy — Taxidermy — V arnishes — W aterproofing — and  Miscellaneous 
Tools,  Instruments,  Machines,  and  Processes  connected  with  the 
Chemical  and  Mechanical  Arts.  By  William  E.  Axon,  M.R.S.L. 

Harrison’s  Mechanic’s  Tool-Book. 

44  Illustrations.  12mo.  Cloth.  $1.50. 

Mechanics’  Tool  Book,  with  Practical  Rules  and  Suggestions,  for  the 
use  of  Machinists,  Iron  Workers,  and  others.  By  W.  B.  Harrison. 

Bandall’s  Qnartz  Operator’s  Hand-Book. 

12mo.  Cloth.  $2  00. 

Quartz  Operator’s  Hand-Book.  By  P.  M.  Randall.  New 
edition,  Revised  and  Enlarged.  Fully  illustrated. 
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Joy n so n  on  Machine  Gearing. 

8  vo.  Cloth.  $2.00. 

The  Mechanic’s  and  Student’s  Guide  in  the  designing  and  Con" 
jafcruction  of  General  Machine  Gearing,  as  Eccentrics,  Screws,  Toothed 
Wheels,  etc.,  and  the  Drawing  of  Rectilineal  and  Curved  Surfaces. 
Edited  by  Francis  H.  Joynson.  With  18  folded  plates. 

Silversmith’s  Hand-Book:. 

Fourth  Edition.  Illustrated.  12mo.  Cloth.  $3.00. 

A  Practical  Hand-Book  for  Miners,  Metallurgists,  and  Assayers. 
By  Julius  Silversmith.  Illustrated. 

Barnes’  Submarine  Warfare. 

8vo.  Cloth.  $5.00. 

Submarine  Warfare,  Defensive  and  Offensive.  Descriptions 
of  the  various  forms  of  Torpedoes,  Submarine  Batteries  and  Torpedo 
Boats  actually  used  in  War.  Methods  of  Ignition  by  Machinery, 
Contact  Fuzes,  and  Electricity,  and  a  full  account  of  experiments 
made  determine  the  Explosive  Force  of  Gunpowder  under  Water. 
Also  a  discussion  of  the  Offensive  Torpedo  system,  its  effect  upon 
Iron-clad  Ship  systems,  and  influence  upon  future  Naval  Wars.  By 
Lieut. -Com.  John  S.  Barnes,  U.S.N.  With  twenty  lithographic 
plates  and  many  wood-cuts. 

Foster’s  Submarine  Blasting. 

4to.  Cloth.  $8.50. 

Submarine  Blasting,  in  Boston  Harbor,  Massachusetts — Removal  of 
Tower  and  Corwin  Rocks.  By  John  G.  Foster,  U.  S.  Eng.  and 
Bvt.  Major-General  U.  S.  Army.  With  seven  plates. 

Mowbray’s  Tri-Nitro-Qlycerine. 

8vo.  Cloth.  Illustrated.  $8.00. 

Tri-Nitro-Glycerine,  as  applied  in  the  Iloosac  Tunnel,  and  to  Sub¬ 
marine  Blasting,  Torpedoes,  Quarrying,  etc. 

Williamson  on  the  Barometer. 

4 to.  Cloth.  $15  00. 

On  the  Use  of  the  Barometer  on  Surveys  and  Reconnais¬ 
sances.  Part  T. — Meteorology  in  its  Connection  with  Ilvpsometry. 
Part  II. — Barometric  Ilvpsometry.  By  R.  S.  Williamson,  Bvt. 
Lt.-Col.  U.  S.  A.,  Major  Corps  of  Engineers.  With  illustrative  tables 
and  enorravinsrs. 
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